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- ABSTRACT 
. ~ . 
The results of paleomagnetic studies on carbonate rocks 
of Cambrian and Ordovician age from the Western Platform ~f 
Newfoundla-nd a~e presented. . The study _ includes tectonically_ 
transported Middle. Ordovician strata. _ All _the rocks s'tudied 
are weakly magnetic and so all remanence measurements were 
made wi~ a .cryogenic magnetometer. 
·- Two characteristic components, "A','-?and "B", both of 
reverse polarity, were isolated by thermal demagnetization 
from each of the Port au Port Gr.oup (mid-to Upper Cambrian) 
and St. George Group (Lower Ordovician) .. on the Port au Port 
·Peninsula. It was concluded that the "A" component 
represents a primary or early diagenetic magnetization, 
corresponding to a Cambri~ pole at ~oN,.14S.~OE and a 
___ Lower _Ordovician pole at 
"B" comporent poles seem to be Late Paleozoic (Kiaman) 
overprints. Magnetic minera,logy studies show that the "A" 
component is carried by magnetite and the/ .. B" · cpmponent by 
... 
!_/ diagenetic hematite. 
In the Port au Choix area, the St. Geor9e Group did not 
show evidence of Late Paleozoic overprinting, but yielded a 
cha!'aG:te~istic direction 400 misaligned in declination with 
the age-equivalent rocks on the Port au Port Peninsula. The 
e remanence, which resides in ~gnetite,, corresponds to a pole 
at 20.50&, 113.30£ and ma,Ybe a tb~iacouo 
remagnetization related to the Ac,dian orogeny. t· 
iii 
# .•• • . •1 
A single charac~eriatic component with pole at 15 . 9 N~ .,.-~ 
153.6°E was isolated from the Middle Ordovician Ta~le Head ) 
G~up on the Port au Port Peninsula. "' . This component predat~s 
the proba~le Acadian deformation. A polarity change between 
the uppermost Table Head and the l~ermost Long Pain~ Group 
. ~ . 
was .identi fi.ed, though the Long Point rocks mostly yielded 
unstable- ma~netizations. 
A magnetization predating the Acadian(?) folding was 
~solated from the Middle Ordovician strata of the 
allochthonous Cow Head ~roup. The corresponding pole 
position falls close to the poles from the platformal 
Ordovician rocks, sugges.ting that these rocks were no 
transported far. 
The hypothesis of a rotation of western Newfoundland 
- ~ 
relative t~ mainland_ Not:t~ Am_~_r_!~a is not supported. 
~---------------------------- ) .. 
However,· a relative rotatipn between the Port au Port area. 
and part of the Great Northern Peninsula (north:. of Cow Head) 
is possible. 
Key Words: Paleomagnetism ,.. Lower ·Paleozoic 
carbonates ,.. western Newfoundland - .primary remanence -
Kiaman overprints. 
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, CHAPTER 1 • 
INTRODUCTION 
Over the past three decades, paleomagnetism has played 
a significant role in providing key evidence ori continentAl 
drift, major tectonic problems and polar wandering. 
Methods and techniques of paleomagnetism are primarily 
concerned with obtaining, from a statistically sign~ficant 
number of rock samples, reliable information about the 
earth's magnetic . field in the geol6gicai past relative to 
the land mass sampled • 
. , 
It is essential in a paleomagnetic study to express 
the magnetic field directions obtained from the rocks in 
\ 
geographical ~o-ordin~tes. For this purpose, some constant 
feature associated with the geomagnetic field js required 
to provide a reference system on a geological time scale. 
This reference system then forms the basis for comparing 
the paleomagnetic results obtained from different land 
masses. The mode 1 of the field which provides this co1runon 
reference is the axial geocentric dipole field. There is. 
strong theoretical and observational evidence that for the 
.-
past several nillion years the earth's magnetic field, when 
averaged over periods of several thousands of years, has 
been that of a geocentric dipole co-axial with the spin ~ 
axis. on this model, the-ma~etic vectors in rocks o~y 
particular age can be used to calculate the position, of a 
paleom~gnetic pole which coincides with the ancient 
1 
2 
geographic pole.. From the magnetic vectors, one obtains . 
also the paleolatitude of the sampiing site and its 
~ ~ 
azimuthal orientation with respe~t to the paleomeridians. 
On the assumption of fixed continents, all rocks 
magnetized at the same time all over the world should yield 
the same paleomagnetic pole position on this dipole model. 
But, as the continents move relative to each other, the 
location of the paleopole as calculated from different 
continentai block differs, although the earth's spin axis 
remains fixed in space. As continental drift prdceeds, the 
pole positio~ ·relative to each drifting continent will 
change, resulting in a so-calied '"apparent polar wandering" 
'-(APW) pathl which is.constructed by joining the pole 
positions derived from rocks of different aGes from the 
same continental region. A comparison of pole positions or 
of APW paths for different continents derived from rocks 
representing a particular time or a time span provides 
crucial evidence for continental rlrift. 
Based on worldwide paleomagnetic data, APW paths for 
major continental blocks have been proposed (e.g., Morel 
and Irving, 1978: Irving and Irving, 1982). These APW 
paths provide estimates of changes in latitude and 
azimuthal orientation of the continents over geological 
period• of time, but ~y do not fix the longitude of the 
continental blocks. Portions of the APW paths are still 
subject to mo~fications as earlier data are ~ei~evised, 
even in the case of major crustal blocks, while~the APW 
I 
.. 
_,.: 
.. -
3 
history of some smaller blocks is still in muc~ doubt. 
A paleomagnetic investigation of Early Paleozoic 
rocks, ~spe~ially the Cambrian-Ordovician sequences of 
\ 
. . 
westerq Newfoundland, is valuable for a number of reasons . 
. First, western Newfoundland is considered to be the eastern 
margin of cratonic North America in Early Paleozoic times 
(Williams and Stevens, · 1974) , · and it has a nearly complete 
stratigraphic record of the Lower Paleozoic which is 
ideally suited for establishing characteristic Ear~y 
Paleozoic directions of the earth's magnetic field relative 
"' 
to western Newfoundland. Sec6ndly, if successful, the 
results ~a~vide useful information in the documentation 
of the history of the presum~d Proto-Atlantic (Iapetus) 
\ 
ocean and the closure that gave rise to the Paleozoic 
orogenic belts around , the Atlantic (Wilson, 1966: Harland, 
1961:·· Dewey, .1969: McKerrow and Ziegler, 1972). This could 
be accomplished by comparing the western Newfoundland 
results with the time-equivalent -paleomagnetic record from 
the other side of the presumed ocean (~.g., Avalon Zone and 
the "European" part of the British-Irish Caledonides). · 
Such a comparison, under favourable ~ircumstancea; could 
' lead to an estimate of the width of the Proto-Atla~tic. A 
paleomagnetic comparison across the Proto-Atlantic suture 
in Ireland was done by Deutsch (1980, 1984) from which he 
) 
inferred a wide Proto-~~lantic during the Middle 
( 
\ ' 
Ordovician. 
Thirdly, the results could be used for a test of the 
hypothesis of rotation of western Newfoundland, or~ginally 
J 
4 
proposed by Wegener (1929). Such a test requires 
comparisons wfth cratonic mainland North _f.merica. Black. 
--- (1964) deduced a JOO anticlockwise rotation of western 
, ~'"'-•~Air • • f • Ne.w .. v~.L\nd from, a paleon\agnet1.c . compar1.son o Cambrl.an, 
Devonian anc Permo-Carboniferous rocks.between western 
Newfoundland and the mainland maritimes. He placed this 
rotatio.Jl in tnid -) to Late Devonian times. Black. • s 
conclusion was later questioned because of insufficient 
demagneti~ations and a doubtful choice of paleopoles used 
in his comparisons. On a reexamination of paleomagnetic 
data available up to 1977, Deutsch an~ Rao (1977) 
demonstrated that the data fail to support a 30° rotation 
D 
.of western Newfoundland relative to North America but would 
be consistent with a small rotation (5-lOO). Since some 
of the data used in this comparison have since been 
discarded, the question of rotation of Newfoundland remains 
to be settled. 
Presented in this study are paieomagneti~ 
investigations of Middle Cambrian to Middle Ordovician 
rocks from the Western Platform of Ne~foundland. 
.. 
It is 
assumed that the reader is familiar with the standard 
procedures in paleomagnetism. Hence no attempt was mad~ in 
the writing of the thesi~ to! explain the well-established 
techniques. A comprehensive treatment of the swbject can 
be found in Irving (1964), McElhinny (1973), Collinson 
(1983) and Tar1ing ' (1983). 
The main objective of this investigation has been to 
) 
• 
, · 
• 5 
. obtain a reliable Cambrian-Ordovician paleomagnetic•record 
for western NeWfoundl~nd. This is needed, first, b~cause 
of the existence of major gaps i-n the Lower Paleozoic ~ 
paleomagnetic record for this region: and secondly, because 
~ 
it has become evident·, during the past decade or so, that 
much of the earlier published work ·on the subject is in 
need of revision. The same applies to ·the paleomagnetic 
literature on the Lower Paleozoic in other parts of the 
Appalachians and interior North America. This is in part 
because, in earlier studies especially, rigorous tests for 
establishing magnetic stability and for estimating an age 
of magnetization were not always used. In some ··of these 
studies it was assumed without sufficient evidence that the 
observed stable magnetization had been acquired at, or soon 
after, the time of formation of the rock. Such an 
assumption may be often invalid, because of the. increasing 
recognition that Early ~a1eozoic rocks have heen widely 
~bjected t.o 'rem.,gnet~zati~n in later ~eologic periods, 
especially in the Late Paleozoic. 
Remagnetizatbon on a wide scale was first proposed by 
Creei (1968). Its pervasive effect on the magnetization of 
\ 
Appalachian rocks has been pointed out by Roy et. al. 
(1983). Irving and Strong (1984 a, b: 1985) showed that 
1 
Devonian and Lower Carboniferous J(~a in Newfoundland 
carry partial magnetic overprints acquired during the 
Ki~man reverse magnetic. interval (Late Carboniferous to 
\ 
Early Permian). They ~rgued further that Kiaman-age 
\ 
) . 
--
/ . 
\ 
_,---
6 . 
overprinting affected also many Paleozoic rocks in mainland 
North America. Irving and Strong (op. cit.) used their 
findings. to demonstrate that there had been no 
post-Devonian sinistral displacement of "Acadia" re'lative 
to interior North America as proposed by Kent and Opdyke 
I ( 19'78). The proposition of a displaced terrane was showPr 
to be due to the imperfect resolution of superpo.sed 
components, particularly the K'~'an overprint, iq the 
paleomagnetic data. Thus, in au~ studies it is · important . 
that the superposed components be identified following 
extensive experimental studies, before · giving any tectonic 
interpretation to the paleomagnetic data-. 
Much of the L()l'«er Paleozoic stratigraphy of North 
Am~rica; including wester.n Newfoundland, is dominated by 
carbonates, both' in autoch'thonous and . allochthonous rqck 
:> '- ·sequences. The paleomagnetic analysis of Paleozoic 
\ 
l 
. 
carbonates is diffic~l .. t, chiefly for two reasons. First, 
/ ~ · 
- ~ the intensity of their natural re~anent magnetization (NRM) 
I 
is normally very low: and secondly, there is evidence of 
complete ~ate Paleozoic remagnetization in Lower and Middle 
"" .Paleozoic carbonates from widely separated localities on 
the\.raton (e.g., , scote~eet ,al., 1982: Wisniowiecki et 
al., 1983: McCabe et al., 1983, 1984: Elmore et al., 
1985). As for the first -problem ,of lw ·ltRM · i'ntensity, the 
advent of cryogenic magnetometers (e.g., Goree aoo ~uller, 
1.976) has made it po~sib~e·. to ~easure low natural relnane11ce 
wi~h re~sonable accuracy and rapidity, but measuring 
,..,. . 
.. ~ 
., 
;J. 
7 
extremely weak remanences left after demagnetir.ation 
treatments may still be a problem. Quite often the 
magnetic moment either falls to noise level or becomes 
comparable to the ·specimen holder moment during 
demagnetization while a significant proportion of the 
\ 
<llatural remanence still remains. This can seriously limit 
4 
the number of samples from which valuable information could 
be obtained. 
Despite evidence of complete remagnetization i.n some 
Lower Paleozoic carbonates, as mentioned above, some 
( I . 
carbonate bodies have been shown to 'have escaped 
remagnetization either partially (e.g.,· Dunn and Elmore, 
1985) or completely (e.g., McCape et al., 1985; Jackson and 
Van der Voo, 1985}. These author& inferred that the stable 
magnetizations isolated f ·rom their rocks are of 
' ' depositional ;or e _arly post-depositional origin. A centra 1 · 
t:ask of the pr.,ent in~estigation therefore, has been" to 
obtain evidence on the occurrence of partial to complete 
- -... 
remagnetization in the western Newfoundland carbonates, o~ _ 
---· ~lternatively, to verify the absence of .. any overprinting in 
them. 
. .. 
The paleomagnetic results presented in this study 
reveal that the . Lower Paleozoic carbonates of Newf6uridland 
have indeed been subject to r~magnetization,· and the 
presel'}ce of mul ticomponents is clearly evident. A detp-1 1 ed 
analysis has led to the isolation of presumably original 
magnetizations in some of the rock formations' · in· addition 
. 
• 
,-· 
---
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to the ide~tification of superposed components. The 
paleomagnetic results presented in this thesis, "'(hich 
• 
include data for the first time from the allochthonous rock 
aeql\ence of the Cow Head Group, s.ignificantly improve .the 
Lower Paleo~oic data base of western Newfoundland• and 
·~· 
thereby that of cratonic North America. 
The results of these investigations are presented in 
the following sequence . A brief description of the 
regional geology of western Newfoundland and the sampling 
localj.ties is given in Chapter 2 .. Paleomagnetic results 
") 
from the Cambrian rocks are presented and discussed in 
Chapters 3-4. Chapters 5-~ are devoted to Ordovician 
• 0 
rocks. Results from the Lower and Middle Ordovician 
autochthonous rocks are described in Chapters 5-7. Chapter 
8 deals with the results from ~he Middle Ordovic~an 
allochthonous rocks. All Ordovician results from the 
present study are further discussed and compared with 
·published results in ghapter 9. Summary and cone lusions 
form the last Chapter ( 10) of this thesis . 
.. 
• 
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CHAPTER 2 
REGIONAL GEOLOGY AND SAMPLING 
The island of Newfoundland forms the northern 
ext rem~ ty of the Appalachian structural province and 
~ ' occupies a key area in the Appalachian-Caledonian fold 
belt. Based on stratigraphic and structural contrast 
between Cambrian-Ordovician and older rocks, the 
Newfoundland segment of the Appalachian orogen has been -
divided into four zones (Williams, 1979). From west to 
east, they are the Humber, Dunnage, · Gander and Avalon 
~nee. Western Newfoundland corresponds.to the Humber zone 
of this subdivision (Figure 2.1). 
The Lower Paleozoic sequence of the Humber Zone 
records the evolution of a platform at the margin of a 
Proto-Atlantic ocean and its partial subduction under a 
slab of oceanic lithosphere (Williams and Stevens, 1974)~· 
This is recorded in the developmen-t• of an autochthonous 
sequence near the continental margin. Subsequently there 
was westward transport and overthrusting of partly coeval 
slope and rise sediment and ophiolite (Stevens, 1970: 
DeWit, C9l2}, which together constitute the Humber Arm 
Allochthon in the south, and Hare Bay Allochthon in the 
·north. \ 
Within the autochthon, a Lower Cambrian sequence, the 
Labradc;>r Group, composed of aha llow-water '·ai l'icic~aatic and 
•• carbonate rocks, was depoai ted on the rifted Grenville 
basement. This sequ~nce is overlain by a Middle Cambrian 
\ 
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to Lower Ordovician (Port au Port and' Stj George Groupo) 
shallow-water platformal carbonate sequence. During the 
Mid~le Ordovician the platform subsided and received 
sediments of progressively ?eeper-water origin. This is 
recorded in the overlying Midd~e Ordpvician rocks (Table 
Head Group) which indicate deposition in deepening water. 
Within the allochthon the coeval slope and rise 
sediments are broadly termed the Humber Arm Supergroup, 
which includes the Cow Head Group ~d Curling Group 
(Stevens, .1970). The Humber Arm -Allochthon represents a 
stacked series of rock slices emplaced upon the 
autochthon. An upper age limit for the emplacement of the 
Humber Arm Supergroup is indicated by unconformably 
overlying la(e Middle 
(Long Point ~) on 
. . 
Ordovician shallow-water sediments 
the Port au Port Peninsula (Rodge_rs, 
1965}, which in turn is overlain by Silurian-Devonian red 
~eds of the Clam Bank Formation. The root zone of the 
allochthonous complexes is presumably to the east, perhaps 
in t.he White Bay area, which is evident from the_ pre-sence 
of metamorphosed rocks that are probable equivalents of the 
autochthonous se9uence in the western White Bay (Lock, 
1969, 1972), The allochthon was deformed and partially 
~ 
covered by Carboniferous rocks following the deposition of 
a cove~ on it (James and Stevens, 1982). 
Rocks of th4 Humber Zone have been affected by three 
major orogenic events that in general term• can be called 
the Taconic, Acadian and All~ghenian orogenies. The 
-12 
' Taconic orogeny in the Middle Ordovician led to t 
destruction of the Proto-Atlantic ocean, and its 
are demonstrated by the presence of the transport 
•Arm Supergroup and by local unconformities in the 
stratigraphic record of the Humber Zone and along the 
margins of the Dunnage Zone (Williams, 1980). The 
Mid-Paleozoic Acadian orogeny (mainly in the Devonian) 
affected all of the Tadonic ~eformed zpne. The Acadian 
deforma~ion mainly caused the faulting and folding of the 
Cambrian to Middle Ordovician strata (Schillereff and 
' Williams, 1979: Williams et al., 1985). The effects of the 
Late Paleozoic _Alleghenian orogeny (mainly in the 
Carb9niferous) in the Humb~r Zone is minimal, compared to 
.... 
its effect elsewhere in the Appalachian orogen (Williams, 
1980). However, a possible Alleghenian deformation in some 
of th~Early ~aleozoic strata in t~e Humber Zone cannot. be 
ruled out at this point (R. K. Stevens, personal 
communication). 
' 
The first comprehensive stratigraphic study of the 
Cambrian--Ordovician succession of rocks in western 
Newfoundland was undertaken by Schu'chert and · Dunbar 
(1934). Some new information was added to the above 
stratigraphy by the paleontological work of Lochman-Balk 
" (1938). A major breakthrough, however, came with the 
recognition of two distinct sequences in western 
Newfoundland by Rodgers and Neale (1963): autochthonous 
shallow-water carbonates and minor siliciclastics, and 
-
.., 
t 
Fig. 2.2. 
- · 
I 
A generalized stratigraphic section of Cambro-
OrdovLcian (a) autochthonous, mainly shallow 
water strata and (b) allochthonous packages 
of mainly deep water sediments below and 
oceanic lithosphere above in western 
Newfoundland. 
Different formations ~ithin a given Group 
in (a) are not necessarily to the i ndicated 
seal~. (t-1odified after James and Stevens, 
1982). 
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allochthonous deeper-water deposits. Whittington and 
Kindle (1969) recognized new exposures of 
• 
Cambrian-Ordovician ·auata based on new fossi 1 discoveries 
and discussed the implications of Rodgers and Neale's 
(1963) theory. Later refinements in the stratigraphy have 
been carried out ~ainly by researchers at Memorial 
University (e.g., Leveqque, 1977, Pratt, 1979; Klappa et 
al., 1980; James et al., 1983) and by the Newfoundland 
Department of Mines and Energy (e.g., Knight, 1977, 1980; 
Stouge, 1991). The stratigraphy and va~ious 
sedimentological and diagentic aspects of the 
. .----Cambrian-Ordovician succession are subject to cont~nu~nq 
investigation at the above two centers. 
The stratigraphy of the autochthonous and 1 
allochthonous rocks in western Newfoundland is presented in 
IJ 
Figure 2. 2. The stratigraphic names are· as proposed in 
Klappa et al. (1980), James and Stevens (1902), arid James 
et al. (1983). 
Autochthonous rocks for paleomagnetic studies were 
collected from the Port au Port Group (March Point and 
Petit Jardin Formations only), St.(;;George Group (Ist·hmus 
Bay, Catoche and Aguathu~ Formations), Table Head Group 
(Table Point, Table Cove and .Cape Co_rmorant Form~t ions 
only) and Long Point Group (Lourdes Limes~one only). 
Allochthonous rocks were collected from the Ordovician 
strata of the Cow Head Group. Some details of the 
geological setting of the above rock units are also 
,_ 
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discussed in the chapters to follow. 
Sampling was done in three main areas: Por;t au Port 
Peninsula, Cow Head Peninsula and Port au Choix area. The 
•port au Choix area", ~s defined here, includes all the 
Sampling localities from Table Point to Eddies Cove West 
(see Figure 2.1). Ffgures 2.3-2.4 show the geReralized 
geology and sampling localities in the Port au Port and 
Port~u Choix areas. F'igures 2.1-2.4 will be repeatedly 
. ' ., 
referred to in the later chapters as the paleomagnet~c 
result,s from different localities are being discussed in 
.turn .,Chapters '3-7). • The generalized geology and sampling 
localities of the Cow Head Peninsula are shown in Figure 
• 8.1 (Chapter 8). Detailed information on the sampling 
sites shown in Figures 2.3, 2.4 and 8.1 is given in 
Appendices B-F. These appendices also include the detailed 
demagnetization results of samples that yielded meaningful 
results. ) 
·-Sample preparation, measurement procedure and basis of 
statistical analyses pre discussed in Appendix A. 
·fi·'/1:.' '~· , 
.. 
,< 
-
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CHAPTER THREE . 
PORT AU PORT GROUP 
Q 
3.1 GeologiC"al Setting 
The Port au· Port Group in western Newfoundland is 
·. 
Middle to · Late Cambrian in age and is P<Eeceded by a lower 
sandstone unit, the....,H~wke. Bay Formation qf the Labrador 
Group (Figure 2. 2). The Port au Port Grou,P has been 
sub~ivided intt.o three formations: Mar~h Point Formation . 
(late Middle Cambrian), Petit Jard}.n Formation (mostly 
• 
early Upper Cambrian) 'and Berry Head Formation (mid - to 
late Upper Cambrian). ·The strata of these units mainly 
comprise a sequence of interbedded carbonates, silts tones 
and . shales and have been- interpreted (James et al., 1983) 
to represent> the outer part of a wide carbonate piatform 
which stretched ·eastward and now lies beneath tbe Qllf of 
st: Lawrence. ~ese units · display two distinctive and 
r~eated styles ,of de~osition: (a) thin-bedded sequences 
of ail ty limestone and 'dolostone, with shales present as 
thin beds or partings in the carbonates r and (b) 
thick-bedded limestones and dolostones ·composed mainly of 
oolitic grainstone& and laminated dolostones (Levesque, 
1C}77: Levesque ·et al., 1977). 
3.2 _Paleomagnetic sampling · and results 
Eighty-one oriented hand samples were collected from 
the Ma.rch Point and Petit Jardin Formatic~ms' for 
.. 20 
- ·· 
\ . 
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paleomagnetic investigation. 'rhese samples -..ere collected 
from a total of 17 site$. The distribution of" samples over 
the two formations is as follows: On the Port au Port 
.. 
Peninsula, -'25 sampleS' from 5 sites were sampled from March 
' 
'point Formation and 45 samples were collected from 10 sites 
of the Petit Jardin Formation. The remaining ll samples 
. . 
were collected from 2 sitef? of the Petit Jardin Formation 
in the Port au Choix area. The emphasis has been on the 
Port au Port area, where the rock exposure is excellent and 
. 
the rocks are relatively undeformed. The sampling 
localitif:s are shown in Figure 2.3 (MPl-5 and CCl-10) and 
Figure 2.4 (PC23-24). Additional details· about sampling 
are given in Appendix B. 
A minimum of two specimens of a standard size (see 
Appendix A) were cut from each of the 81 samples. 
Measurements were conducted oh at least one specimen per 
sample. · · On detailed investigation, the paleomagnetic 
results from the Port au Port and the Port au Choix areas 
were found to be significan~y di ffe·r~nt. Therefore they 
are discussed separately below. 
\ 
\ 
3.2.1 Port au . Port a rea 
The natural remanent magnetization ( NRM) vectors were 
clustered in . a steep downward direction, suggesting that a 
component directed close to the present earth's field 
. ~ (PEF), probably of viscous origin, contributes strongly to 
the total NRM (Fig~ 3.1). However. a directional .emear 
.. ~ ·. 
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extending over tl:te southeast quadrant suggests the presence 
of a shallower cqmponent to the southeast. NRM intensities 
range between 1 x lo-4 and 2 x lo-3 A/m. 
Both alternating field (AF) ...and thermal 
. ' 
demagnetization techniques were used to isolate the stable 
'--_,...__/' magnet~ation(s) in the individual samples. The st-eps used . 
in these treatments are summarized in Appendix A. Four 
specimens, each choseh from a different site, were AF 
demagnetized in detail. Two typical results are shown in 
Figure 3.2 (top diagrams). As is seen from the figure, the ' 
AF treatment ~ailed to isolate any .ctr1(racteristic component 
from the NRM. In th~ case of specimen CCl-2 a substantia 1 
portion of the remanenc~ 'intensity still remained after 
treatment to lOa milli Teslas (mT), wherea~ in the case of 
-
specimen CC6-B, . though the i~tensity decay was complete by 
50 mT, the direction did not significantly change from the 
\ 
'\ 
stee.ply inclined NRM. T~e direc\ional change above 50 mT, 
accompanied by a rise in the intensity in CC6-I3, may · be due 1 
i 
# to some spurious magp~~zation induced in the already 
weakly magnetized specimen in the low residual field' of the 
0 AF demagnetizer. 
Thermal demagnetization, initially, was conducted in 
detail on 15 specimens, each chose'n f'rom a different s~te. 
Two of these specimens were from the same samples for which 
AF demagnetization results are shown in Figure 3.2. The 
matching thermal results are shown in the same figure 
(specimens CCi'-1 and CC6-A). They show the unstable 
I 
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Fig. 3.2. Demagnetization characteristics of specimen 
pairs (a, b and c, d) from 2 Port au Port 
Group samples after (a, c) A.F derr.agnetization; 
(b, dY thermal demagnetizat ion. Solid (open) 
circles denote lower (upper) hemisphere 
projections on a stereographic (Wulff) net. 
Dashed outline in (c) denotes directions in 
the indicated field range and has no statistical 
significance. Directions are without tilt 
correction. J/Jn is the nor~alized intensity. 
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character of the .NRM. However, a swing away from the 
steeply inclined NRM direction is clearly seen. At the 
same time, in both specimens, 'the magnetic moment at 
4000c has fallen to very low values, close to that of the 
specimen holder~ so the erratic intensity changes above 
4000c for specimen ee-l are probably due to spurious 
magnetization. The unstable behaviour of remanence was 
noticed in a number of the remaining 13 specimens thermally 
demagnetized in detail. Between 50 and 95% of the tbtal 
NRM intensity was lost after heating to 3000C. A stable 
I 
component appears to be revealed only between 1oooc and 
50()0c in some of these 13 specimen~. Generally, the 
entire magnetization had decayed by the 450°C to 560°C 
step, when the moment was either reduced to the order of· 
the holder moment or to 1 or 2% of the NRM. As the . 
\ 
intensity dropped off sharply in the NRM-3oooc range in 
the 13 pi lot specimens, and a a table' component was observed 
only above this temperature, it was decided to insert · 
additional, closely-Bpaced temperature steps (s_ee Appendix 
A) between 3oooc and S00°C for thermally cleaning 
specimens from the. remainder of the samples. The 100° 
and 200oc steps were dropped, as these led only to the 
removal of a steep viscous component. No AF 
demagnetization was carried out on any further specimens. 
In a majority of s~mples from Port a~ Port area, t~e 
-
results of thermal demagnet~zation made it poaarble to 
isolate two cd~Ponents, hereafter called the "A" and "8" 
• I ,. 
/ 
• 
.. 
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c~mponents: in addition, the previously mentioned steep 
' 
viscous co~ponent could be erased at lower temperatures. l 
The •A• component is directed along a eoutheast axis with 
'intermediately -steep positive inclination, whereas the "B" ~ 
component is almost horizontal and directed towards south 
' . 
to southeast. Figures 3.3-3.4 and 3.6-3.7 show 
representative b~haviour upon thermal demagnetization from 
which the "A'" and "B" components have been isolated. 
Samples which yielded the "A" component can be divided 
into three groups. In the first group, represented by 
Fjgure 3.3 (Specimens MP19-A and CC33-A), a dominant steep 
component carrying about 80% of the total intensity was 
removed by heating up to 3oooc, after which a stable 
direction was ~ncovered in th~ southeast quad~ant between 
300°C and 4sooc. This is evident from almost 
univectorial decay to the origin on vector diagram 
· (zijderveld, 1967), corresponding to a stable end point Oft 
the stereographic plot. Beyond 4000 or 47ooc the 
directions of both the specimens in Figure 3.3 appear to 
migrate towards the opposite guadrant, but in view of the 
remaining },ow intensities ( · 2% of the NRM-), it is doubtful 
that this directional trend is systematic. 
In the second group of sample&, shown in Figure 3.4, a 
stable end point represented by three or more closely 
Figs. 3.3-3.4. Representative thermal demagnetization 
results for specimens yielding "A" 
component from the Por± au Port Group. 
Conventions for stereographic plots are 
as in Fig. 3.2. In the corresponding· 
orthogonal vector dia~rams (r.h.s.), 
squares are projections of the vector 
end points on a N-S vertical (V) plane; 
circles on the horizontal (II) plane . 
. Directions are without ~ilt correction. 
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Fig. 3.4. (See caption facing Fig. 3.3.). 
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spaced vectors associated with progr~ssive intensity 
reductio~ over the stable range was observed on the 
stereographic plot. However, a univectorial decay. to the 
origin at higher temperatures was not clearly discernible 
on the vector diagrams, as a result 6f either irregular 
direction changes occurring within the few remaining 
percent of the remanence (Specimen CC4l-A) or of the 
suggested multicomponent structure (Specimen MPl-1). In 
the latter case, the Zijderveld diagram indicates a steep 
component between NRM and- Joooc v"'P~~ a dominant . 
component betwe~n 300 and 45ood, then a near-horizontal 
component (see r~ .. -~low) betw~~~ 450 ' and 
530°C, and pos.ibly an unresolved final component. The 
\ 
straight-line s~ments, however, ·bypass the origin • 
. Therefore, the a~erage of the directions observed in the 
\ stable range has b~en !~ken as the characteristic direction 
~ . 
in the case of th~s and all other -specimens exhibiting this 
behaviour. The calculation of characteristic directions 
~J for the previo~sly mentioned first group of specimens 
(Figure 3.3) is also based on the average of directions 
observed over the sta_ble r ·ange, rather than 'on vectOT 
subtraction through Zijderveld diagr~~s. These directions, 
however, were confirmed to be a l.most the same as those 
obtained from a least squares fit to the straight line 
marching to the origin on Zijderveld diagrams. 
In the third group of samples (Figure not shown), all 
the measurable magnetization was lost dur i ng the first 
, 
( 
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three to five steps of thermal demagn~tiz.atio.n. By 
4Q0°C; their magnetization was eit~er reduced to the 
~ order of the holder ~oment or to less than 2% of the NRM. 
The cOmputation of characteristic directions in these cases 
is, therefore, based either on a . vector subtraction or on 
averaging of closely spaced directions confined to the two 
or three highest temperature ste.ps b.efore the remanence was 
lost. The characteristic directions obtained in this third 
group were found to be similar to those from the first and 
second groups. This finding, coupled with the fact that 
) the remanence is preserved in the last few percent of total 
magnetization in any specimen, lends credibility to the 
above analysis based on orlly a few points. .\ number of 
specimens of the third• group, however, showeci a sharp peak 
at 350°C in the decay curve, indicating thereby some 
mineralogical changes or acquisition of some spurious 
magnetization.. Therefore, &J:·1 '':specimens .showing such 
erratic behaviour at 350°C have been rejected and a 
I _ _ ) 
criterion of acce~tability in this group has been that the 
specimens. must show stabilit-y through 350°C or beyond. 
All the characteristic directions corresponding to the 
"A" component are listed in Table 3.1 and are plotted in 
Figure 3.5. It must be ~ointed out here that epecimena 
were heated to a much higher temperature than the highest 
temperature shown in the stability range of Table 3.1, but 
no stable component was identified at higher temperatures. 
Remanence directions at all temperatures are listed in 
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., TABLE 3"ol 
• .. 
'l"HEEMf\L [)E}IP.<H!!TI1ATION ~ULTS FR:>t THE PORI' AU PORI' CK>UP 
FOR THE "A" aKlONENl' I PORI' AU PORI' ARFA. 
.!:...--"" 
Olaracteristid' drecticn Stability 
......... ~..,~,._) 
Site Specimen In situ Ttl t -<Drrect.ed range 
D I D I (0 C) 
4 
Y'\ March Point Formaticn ' 1: ~-
~ 
' 
t l 
MP1 MP1-1 165.3 40.9 . 163.4 53.3 300-500 
MP1 MP2-A 152.3 64.1 136~2 75.2 3()()-4()() 
MP1 MP3-A 123.7 40.8 113.7 48.2 I ' 3()()-400 (v.a.) 
MP2 MP7-B l93o4 48.4 ~)().6 59.2 3~ 
MP2 MP9-B 140.2 49.4 130.4 59.2 3()()-".400 (v.a.) 
MP3 MP12-1 148.3 40.2 141.6 48.9 300r400 (v.a.) 
~3 MP13-1 121.9 48.8 109.3 53.1 300-350 
kP3 MP14-1 139.0 43.4 130.1 50.7 3()()-450 
MP4 MP19-A 150.0 42.1 143.7 50.8 300-400 
MP4 MPX>-1 163.9 ' 48.2 159.1 58.1 3~ (v.a.) 
MP5 MP23-h 152.1 49.2 144.0 57.2 300-42:1 (v.a. ) 
Petit Jardin FornBticn 
~5 ~17-2 175.7 48.4 185.6 64.7 450-500 
CC6 ~22-2 147.2 . 54.2 137.4 71.0 400-560 (v.s.) 
CC6 . ~24-2 148.4 51.0 141.0 68.0 37o-400 
CC6 ~25-A 129.1 49.9 112.3 63.8 33Q-350 
~7 ~29-1 160.2 ,31.9 160.6 49.4 37~ · 
<X:B ~3-1 139.5 31.8 133.9 48.0 33Q-4 
~ ~7-A 166.8 33.6 169.3 50.9 350-450 
~ ~41-A 179.0 37.4 186.2 53._5: 350-450 
N7I'ES: ~ch directicn, specified by declinaticn ( P) and lnclinatia1 (I) 
_above,~ represents either the mean direct.ic.n OYer the given 
stability range or the one obtained after vector subtractia1 
· (v. s.) in the given range. . 
D is measured in degrees, clockwise fran north. 
I is measured in degrees, ·poeitiqe dcwrward (nec:Jative ~). 
Tilt correctioo: The -procedure and relevant structural data 
are gi. ~i.tt ~x a;· 
) 
_; 
Q 
-. 
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· Appendh B. A total of, 19 samples (one specimen each) 
yielded an in situ mean direction corresponding to the "A" 
component at D • 152.60., I "= 46.40 (k = 28, 95 :: 
6.5o, N c 19 s-amples).· The direction after c6rrection 
for bedding tilt ( ·150NW) is D = 147,0 , I= 59.40 (k 
- 27, 95 =.. 6.6o, N = 19), the precision beipg almost 
/ ~changed because of the ·nearly uniform tilt,.· Making the 
.--/ ~:ilt correctipn corresponds to the assumption that the "A" 
component was acquired before the Acadian or later (? See 
. 1 
Chapte'r 2) time of deformation of the. beds. This 
assumption seems to be justified from the arguments given 
in Section 3. 4 below. The tilt-corrected direction 
corresponds to an ant~b'le position of 3. 4oN, 145. 6oE 
'(dp =: 7.'40, dm = 9.90), This falls near 'several 
' . ~ ~ 
reported Cambrian poles of cratonic ~orth Am~ks::-- This 
-'-~ ----;· 
result will be discussed later in Chapter 4 .. 
Isolation of the ~'B" component represented by Figures 
3. 6 and . 3. 7 was fairly straightforward. After · the removal 
of a steep component bel.ow 3oooc, the direction became 
stabilized with shallow negative inclinations (Specimens 
CC35-A and CC44-l), shallow positive inclinations 
(Specimt~ns CC38-l) or near-horizontal directions (Specimen 
CC30-A) in the southeast quadrant, . persistiog up to high 
temperatures. The resulting characteristic "B" directions 
are listed in Table 3.2 and are plotted in Figure 3.S(c}. 
A total of 21 samples yielded a mean direction of fairly 
high precision at D • 168.90, I • +1.00 (k • 35, 95 
I 
/ 
c: 
.., 
.., 
1.0 
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Fig. 3.6. Representative demagnetization results fron 2 
Port au Port Group specimens yielding nB" 
component. Conventions as in Figures 3.2-3.4, 
except on r.h.s., the vertical projection plane 
is now east-west. 
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TABLE 3.2 
'IHEIMU.. DfMA.GNETIZATION RESULTS FJOo1 'IliE PORT AIJ PORT GFOJP 
FUR 'IliE "B" <XI1PONENI' I PORI' AU PORI' AREA. 
In situ 0\aracteristic Stability 
Site Specimen direction range 
D I (0 C) 
March Point Fonnation 
: 
MP1 MP4- A 178.7 15.5 300-450 
Petit Jardin Fonnation 
CC4 
' 
CC16-A 182.8 - 4.8 330-450 
OC5 CC19-1 158.3 - 8.8 300-500 
OC5 . CC20-B 177 .9 0.5 300-450 
OC5 0:18-A 173.4 22.7 300-450 
CC5 CC21-A 175.0 .19.6 300-450 
OC6 CC23-l 172.0 - 9.1. 3()()-500 
OC6 CC26-B 165.7 
- 9.1 300-500 
OC1 CC3Q-A 163.8 - 0 . 5 300-450 
OC1 CC3l-B 165.1 21.0 300-400 
OC8 0:32-B 162.2 
- 4.9 400-500 
OC8 CC34-A 170.4 - 3.8 300-450 
OC8 CC35-A 163.3 - 7.9 300 ... 530 
CL'9 ~-·- a;]&-1 171.5 12.2 3()()-500 
CL'9 CC39-A 162.l 2.0 300-420 
CL'9 0C40-1 168.4 -16.8 300-450 
CC10 CC42-A 178 .7 . 9.4 300-500 
CClO CC43-A 176.5 - 5.7 300-450 
CClO CC44-1 154.8 -1().6 300-560 
<X10 CC45-A 159.8 2.0 3(X)-450 
CClQ CC46-1 167.7 - 4.5 300-450 
NJI'ES: As in Table 3. 1. 
, 
, 
-\ 
'!" 
TABlE 3.3 
MFAN P~IC ~A FORM "A" AID "B" CD1PONENrS ~ ~ 
~IZATION OF 'mE, PORI' AU PORT~. -~ AU PORT AREA • 
"A" oc:JIFCI'lellt 
(in situ) 
"A"~ 
(tilt-corrected) 
"B" CXlltpouent 
(in situ) 
"A" OCI1p:lnent, 
March Point 
Formatioo only 
(tilt-corrected) 
"A.. oarponent I 
Petit Jardin 
Formation only 
(tilt-corrected) 
Dnt 
152.6 
147.0 
168.9 
141.4 
155.2 
1m k 
46.4 28 
59.4 27 
0.8 35 
58 • .1 27 
60.9 26 
N 
19 
19 
21 
11 
8 
~r-
6.5 
6,.6 
5.5 
8.9 
11.1 
.\p Anti pole 
41.2 s 3.4~. 145.60E 
(dp, dm = 7.40, 9.90) 
0.4 5 40.2DN, 135.60E 
(dp, dm = 2.7°, 5.5°) 
• 
NJI'ES: Dnt = mean declination, degreesL clockwise fran north; Im = rrean inclination, 
degrees, positive ~ds; k =Fisher's precision parameter a95 = radius of the 
95% circle of confidence, degrees; N = number of sarr(>1es averaged; Ap = pal~ 
latitude, d~ees; dp, dm = semi-axes of 95% confidence ovaL 
• 
w 
co 
'\;/. 
\ 
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' 
= 5. 5 , N = 21) •. This is the in situ directioq, no 
correction for the bedding tilt having been made. since it 
is assumed (Section 3.4) that the "8" magnetizatio-n was 
acquired after deformation of the stra~a. · Th~~ directioa-
corresponds to an antipole position of 40.2oN, 135.60E 
(dp = 2.1o, dm . • s.so), which falls near several 
reported Upper Paleozoic poles ~nd also near some of the 
·.} 
high-latitude Cambrian poles~ for North America. 
It is seen from the above discussion that only 40 
samples o~t of a total of 70 (about 57\) in the Port au 
Port area yielded meaningful characteristic directions 
I 
along a SSE axis, based on the "A" or "8" component • 
• However, in a number of the remaining samples, a swing in 
\ 
the magnetization direction along the NNW or NNE-SSW axis 
was observed upon demagnetization. Most of these specimens 
did not yield any stable end directions. Still, in some . 
cases, anomalous _stable directions with steep to 
intermediate inclinations were observed, the c~iteria for 
stability being the same as those discussed previously. 
Figure 3. 8 is an example of two speci_mens exhibiting a 
northwesterly (Specimen MPl0-1) or northeasterly (Spec~men 
MP16-l) swing of direction with increasing tempertures . 
> 
The erratic changes in the intensity of specimen MPl0-1 in 
the range 3~0-4oooc and a significant intensity increase 
above 4oooc may be due to spurious magnetization acquired 
in the thermal demagnetizer, followed by a chemical change 
(production of magnetite) above 40ooc, a-a observed, in 
many limestones elsewhere (Lowrie a\d Heller, 1982). 
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Ther~al demagnetization results for 2 Port 
au Port Group speciMens sho-v:ing normal polarity 
swing of directions at high temperatures, as 
opposed to the stable reverse characteristic 
directions (See previous figures and text) . 
Conventions as in Fig. 3.2. 
r 
\ 
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In specimen MP16~1 the steeply inclined downward- . 
directed NRM swings systematically to the NE with 
. ..--- . 1ncreas1ng temperatures to SOOOC, after which the 
direction becomes random. There· is apparent stabi 1 i ty in 
the range 400-450°C. The anomalous but apparently stable 
directions have neen listed in Table 3.4 and are plotted in 
' Figure 3.ll(a). One interpretation of the steep directions 
of Figure 3.ll(a) could be that these directions probably 
record a complete remagnetization in the present earth's 
field. However, the entire distribution of all the points 
in figure 3.ll(a) coupled with the demagnetization 
behaviour 9f specimens as exhibited in Figure 3.8, is 
indicative of a multicomponent system formed by 
subcomponents of opposite polarity·, having closely 
overlapping stability spectra and direct~d along one or 
more paleomagnetic axes. The entire analysis of Port au 
~ort area rocks has indicated the' dominating presence of a 
NNW-SSE axis. While the SSE direclions along that axis 
have been clearly identified from the "A" and "8'' 
components, stable NNW directions were not found in the 
present investigation. The results do, however, indicate 
the presence of~multicomponents, two of which could be 
successfully isolated in the present investigation. 
3. 2. 2 Port au Choix area 
All the 11 samples (one specimen each) of the Port au 
' 
. ... 
/ _ 
42 
Choix area from the Petit Jardin Formation were thermally 
demagnetized in detail (12 steps between lOObc and 
500°C, see Appendix A). As it turned 6ut, the specimens 
lost all their measurable magnetization by 45ooc. From · 
;--
· thermal demagnetization, two groups of stable but different 
characteristic directions were obtained. Figures 3.9-3.10 
I . 
are representative of the demagnetization behaviour of each 
group of direct~ions. In <me group, repres~nted by Figure 
3.9 (Specimens PClli-A and PC1l5-1), a steeply inclined, 
downward-directed NRM systematically moved northwards. and a 
stable direction with a shallow negative inclination was 
revealed in the range 300-450°C: beyond this the 
intensity fell to · 1% of the NRM which was below the 
minimum level for reliable measurements. In the second 
group, represented by Figure 3.10 (Specimens PC116-A and 
PC120-C), only intermediately steep downward directions, 
with stability .in. the range 300-4oooc, were observed . 
However, there is a trend for the remanence vector to 
migrate towards the · shallower directions · (e.g., Specimen 
7 
PC116-A), 1Wt it seems tha~ this trend ~uld not 'be 
completed because of almost total int~ty loss beyond 
450°C. Two specimens (figure not shO'Iin) yielded 
apparently stable directions intermediate between these two 
groups. ~table end directions obtained from all the 
aamplea are plotted in Figure 3.llb and are listed in Table 
3. 5. 
It is at once evident from Figure J.llb tha~ the 
\ 
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Fig. 3. 9. Thermal demaanetization res~lts for 2 Port au 
Port Group specimen$ fro~ Port au Choix area 
yielding a characteristic northerly direction 
with intermediate negative inclination. NRl! 
directions are not plotted on the vector diagram. 
Conventions as in Fig. 3.2-3.4. 
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' Fig. 3.10. Thermal qemagnetization results for 2 
. , 
r -' 
----
specimens from Port au Port Group, Port 
au Choix area, yielding intermediately 
steep down directions . . Conventions as 
in Figs. 3,2-3.4: ' 
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Uncharacteristic stable directions from Port au Port Group: 
(a) Port au Port area samples (symbols as in Fig. 3.5); (b~ 
Port au Choix are.~ samples. • and X are the directions of 
the axial dipole and present earth's field at the sampling 
site. 
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TABLE 3.4 
AtDWDJS Dl~ICHi ~ 'lliE PORI' AJJ PORI' C8JUP AFl'ER 
'lliERMIU.. DtMl\GNETIZATION, R:>Rr AJJ PORr ARFA. 
~. 
In situ characteristic StaDility 
Site Specimen direction range 
D I (O C) 
MPl MP5-'A 284.9 76.9 3()()-350 
MP2 MP6-B 150.6 76.2 3Q0-400 
MP3 MP15-2 295.0 84.5 30Q-350 
MP4 MP16-l 25.S -35.0 400-450 
MPS MP2l-B 18.8 72.6 300-400 (v.s.) 
MP5 MP22-2 12.3 42.7 300-350 
26.8 78.2 30Q-350 
341.9 57 . 8 3()()-350 
MP5 MP25-~ 
CC3 <X-'9-2 
CC7 OC27-B 1!J. 7 65.6 NR+-530 
TABLE 3.5 / 
'l1iElfooW.. IID¥.GNETIZATION RESULTS FR:l-1 'ffiE PORI' AIJ PORI' GIO.JP I 
. R:>RI' AU <X> IX AREA. ·"-. 
In situ characteristic Stability 
Site Specimen direction range 
D I (0 C) 
·~·'PC23 PClll-A 1.6 -38.8 350-450 
PC23 PCll2-A 0.2 -35.2 300-450 
PC23 PCll2-l-A 333.5 - 6.4 400-420 
PC23 PCll3-A 344.5 9.9 330-370 
PC23 PCll4-A 1.1 -23.4 330-450 
PC23 PC1l~-1 344.7 -25.3 350-450 
PC24 PC116- A 339.8- . 42.6 330-420 
PC24 PCll7-A 331.4 52.2 330-420 
PC24 PCllB-A 337.3 49.-r 330-400 
PC24 PC119-B 336.0 55.0 330-400 (v.s.) 
PC24 • PC120-C 342.2 49.1 3Q0-400 
• 
· Syntlou ~ in Taqle 3 .1. 
' 
. ' 
.. 
' 49 ' 
sample directions have a smeared distribution alfng the NW 
axis, comprisipg a range of intermediately steep vectors 
with positive inclination to moderately shallow vectors 
with negative incpnations, suggesting the presence of 
unresolved components in some of them. The end directions 
exhibited by four $pecimens of the first group with 
moderately shallow nega.tive inclinations probably represent 
! 
a paleomagnetic component with D =1356.70 and I = 
-30.9° (N = 4, a95 = 11.8°, k = 62) .. The inclination 
of this vector is intermediate between the inclinations of 
the "A" and "B" components isolated from the Port au Port . 
area samples and might represent an. age of magnetization in 
between. However, being based on only 4 samples, no 
significance could .be atta-cheo to such ,a conclusion and 
hence, these results were not used for a paleopole 
• 
calculation. The main body of results from the Port au 
Choix area, how~ver, strongly indicates a magnetization 
significantly different from the Port au Port area rocks . 
3. 3 Magnetic .mineralogy 
-
In order to identify the magnetic phases present in 
the.se weakly magnetized carbonates, isothermal remanent 
magnetization ( IRM) studies were don~ on 10 fresh samples 
(one sp~cimen each) chosen from different sites. Samples 
were given an IRM with a D. C . c,Varian electromagnet in a 
stepwise manner up to the maximum attainable field of 0.82 
Tesla. Three distinct kinds of behaviour typical of many 
... 
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• Fig. 3.12. P.epresentative IID1 acquisition and back-field character~stics 
for Port au Port Group specimens. 
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limestones (Lowrie and Heller 1982) were·observed. The 
first of these ("Type l"; ' Figure 3.12a) ia characterized 
by a very steep initial slope which flattens· off at 0.25T. 
When the\field was applied stepwise tn the opposite 
directior\ the remanence dropped off sharply, showing the 
presence of a single magnetic phase (~oercivity of 
remanence, Her._ 0. 05T). The low-coerci vi ty phase which 
dominates the remanence of the samples of this type is most 
likely magnetite. The fact that Specimen MP 21-A becomes 
magnetically saturated at ·about 0.25T rules out a 
significant content of hematite, although goethite may 
remain unactivated in fields up to 1 T (Lowrie and Heller, 
1982) and its presence in these samples cannot be ruled 
out. 
"Type 2" behaviour is represented by specimen CC37.-B 
of Figure 3.llb. The IRM acquisition curve shows a fairly 
steep slope up to O.lT, after which it first tends to 
flatten off but then again rises sharply, showing no 
saturating trend beyond 0. 25T. The back-field 
characteristics show the presenc~ of more than one magnetic 
phase in this sa~ple. The low-coercivity phase 
characterized by ~ hi~h initial slope'in the curve 
indicates the presence of magnetite coexisting with a phase 
· yielding a high value of. Her• which . could be either 
hematite or goethite, or both. 
~ "Type 3" behaviour is represented by Specimen CC42-B 
~ 
of Figure 3.12c. The acquisition curve is. almost flat 
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initially up to O.l5T, after which the remanence inb reases 
aha£ tfly up to 0. 4T. The curve shows a tendency of 
flattening off" beyond 0.4T. The back-field Characteristics 
do not show any evidence of a low-coercivity phase prese~t 
in the specimen. This suggests that magnetite is probably 
absent or unimportant in these samples, which indicates 
that they contain,exciusively,either hematite or goethite 
or both. Thus the IRM results indi~at~ the presence of 
varying amounts of magnetite, hematite and/or goethite in . 
these rocks .. IRM characteristic curves of "type 2 and 3 
were, however, more conunon, suggesting a dominating 
I 
influence of hematite and/or yoethite. 
A comparison of thermal demagnetization behaviour and 
IRM characteristic~ of the specimens from the same sample 
shows that the "A" componept was either isolated from type 
1 or type 2 samples; The B C?mponent was mo.re commonly 
associated with type 3. Type 2 lRM curves frequently did 
b 
not yield any stable direction other than ~ steep one. 
This suggests that the "A" component probably res-ides in 
magnetite, whereas hematite · carries the rem~nence of the 
"B" component. The steep viscous component 'might be 
carried either by· magnetite or goethite, the ' latter 
resulting form the recent weathering of these rocks. ~n 
' ' ~ 
the basis of bloe~ing temperature alone, however, it is 
difficult to distinguish magnetite from hematite as the 
remanence carrier, since th~ st~bility range for both the 
"A" and "B" components is always below the Curie point of 
/' 
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magpetite (Tables 3.1 and 3.2). It is quite.poaaible that 
fine-grained hematite carri~s the "B" remanence. 
3.4 Discussion 
It is probable that magnetites ~arrying the "A" 
~omponent occur as detrital g~aina which have aligned 
themselves with the ambient geomagnetic field during or 
shortly after deposition. Alternatively, the original 
magnetization may have been reset as a result of heating 
due to burial ·over geological periods of time~ However, 
the conodont colour alteratiori index (CAI) for the Port au 
P.ort area is 1 (Nowlan and Barnes, 1985), which suggests a 
maximum burial temperature of 50-6ooc (Epstein et al., 
1977). Theoretical calculations (Pullaiah et al., 1975) 
indicate that such a low-level heating of rocks over a 
period of 100 m.y. would not cause the realignment of 
magnetites blocked at a _temperature of 3QQOC or above. 
Tne blocking· temperatures•. in the Port. au Port:-·~roup roclts · 
are conunonly . higher than 400°C (Tables 3. 1 and 3. 2) ~ 
A different, indirect kind of argument against 
remagnetization can be made, based on a comparison of the 
"' present result with published results. This shows that the 
pole ·position corresponding to the "A" component falls near 
the southeastern cluster of the streaked Ca"!!br_ian' poles 
... . 
(Chapter 4} and is signifipantly displ~6ed from the Upper 
Paleozoic poles. Thus the "A" component moat likely 
represents a Middle to Late Caltlbrian field of western 
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New-foundland. This interpretation should be regarded as 
• tentative because the result is based on only 19 samples 
representing a li~ited stratigraphic thickness. A detailed 
study of the entire Cambrian sect1on from various other 
localities is needed to establish a more complete record of 
·the Cambrian field for western Newfoundland. 
The "B" component, which is strongly indicated to 
reside in hematite, may not represent the Cambrian field, 
although the corresponding pole pos~tion falls close to 
some reported Carubrian poles (Chapter 4, Figure 4 '. 1). The 
"B" component pole (CCO in Figure 4.1) is als6 consistent 
-with some Kiaman poles plotted in the above figure along 
with•Cambrian poles. Since hematite is not a likely 
~ 
primary component. of car>bonates, it. is more liki:!ly that the 
"B" component reflects a Kiaman remagnetization. Hematite 
in carbonates could form diagentfcally from goethite or by 
oxidation of detrital magnetite. More commonly, howe-ver, 
heJnatization in carbonates r~sul~s froin se\ondary oxidatio~ 
of pyrite or ferroan dolomite (Gillett, 198~) which are 
pervasively present in these rocks - (N. Chow, per'sor.'il 
communication). Ferroan dolomites are very susceptible to 
alteration and in ~orne cases can be entirely converted to 
calci t.e pseudomo.rphs ("dedolomite"). Hemat.ite and other 
iron ·oxides such as goethite are commonly associated with 
Jedolomite and are generally interpreted as by-products of 
dedolomitization of ferroan dolomites (Frank, 1981). If 
indeed hematite in the present study is a result of 
, 
0 
t, 
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dedolomitization or secondary oxidation of pyrite, the -
magnetization acquired by hematite would be a chemical 
remanel'\,t magnetization (CRM). The time of dedolomitization 
·would be most probably Late Carboniferous to Early Permian, 
as the ,"B" component pole its consistent with other Kiaman 
pole posi tiona. A Kiaman magnetization related to ' 
dedolomitization has also been reported (Elmore et al., 
1985) from - the Lower Ordovician Kindblade Formation in 
~' 
south-central Oklahoma. 
.. 
CHAPTER 4 
CAMBRIAN PALEOPOLE~ WITH RESPECT TO CRATONIC 
. j 
NORTH AMERICA 
I 
A number of paleomagnetic results have been reported 
from Cambrian rocks of North America. Despite the 
increase in the data base, the results from the Cambrian 
rocks have so far yielded conflicting interpretations. A 
list of the published Cambrian poles is given in Table 4.1 
and they are plotted in Figure 4.1. A few Late -Precambrian 
results are also inciuded. Th.e numbering of the poles 
referred to in this chapter corresppnds to that in Table 
. 
4.1 and Figure .4.1. Also plotted in Figure 4.1 are so~e of 
·\ 
the reported reliable poles of •Kiaman" age (listed in 
Table 4.2), ~ostly overprints isolated from Cambrian to 
Lower Carboniferous rocks. As is evident from Figure ·4.1, 
the Cambrian poles ar~ streaked between the _equator at 
about 180° longitude (close to Late Precam~rian pole 
positions) and the cluster of high lati~ude Late Paleozoic 
poles (centered at about 4SON, 1200E). The pole 
pos_i tion corresponding to the "A • component of the present 
study (Pole 25) falls near the southeastern cluster of the 
streaked Cambrian poles, whereas the "B" component pole 
I (CCO) falls close to the northwestern cluster. It was 
demonstrated· in Section 3.4 that .the "BM magnetization is a 
Kiaman overprint, which in Figure 4.1 appears to agree very 
well w-ith other reported Kiaman overprints isolated from 
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Fig. 4.1. Selected paleopoles from Cambrian rocks of 
North America plotted with the "A" and "B" 
component poles of the Port au Port Group 
and some Late Paleozoic poles (Tables 4.1, 
4.2). Circles, poles cited as Cambrian; 
squares, poles cited as Late Paleozoic 
(Kianan). Symbols with bar, Newfoundland 
poles; without bar, mainland poles. 
Pole lb. 
1. 
2 
3 
4 
5 
8 
7 
• 
-TABlE 4.1 
SELErl'ID P~IC roLES f"RRo1 lATE PREX::AMBRIAN 'ro CAhmRIAN RCO<S 
OF N:>Rni AMERICA. 
lhck unit and location At.Je Pole Position 
Grenville dikes, ()lebec Late Precambrian ' 30S, 1510f: 
and Ontario • to Early Paleozoic 
Franklin rocks, canadian 675-625 Ma 40S, 1610f: 
Arctic (Gralp A) 
Franklin rocks, canadian 675-625 r-B B<>N I 1660f: 
Arctic (Group B) 
-
Coronatia& sills, N:)rth- 647 Ma lOS, 1630f: 
western Canadian Shield 
Colorado intrusives I 
. ·, 
Late Precambrian- 150N, 1420f: 
Ear 1 y ordovician 
(704-485 Ma) 
I 
ColorAdo intrusives II Late Precambrian- 5<>N, 1740E 
Early ordovician 
( 704-485 Ma) 
Colorado intrusives III late Precambrian- 480N, 1070E 
Early ordovician 
._. 
( 704-485 Ma) . 
q: 
Reference 
Murthy ( 1971 ) 
Palmer and 
Hayatsu (1975) 
Palmer and 
Hayatsu (1975) 
Robertson and 
Baragar ( 1972) ,_.-' 
Frendl et al . 
( 1977) 
French et al. 
(1977) 
V'l 
(X) 
French et al. 
(1<)77) 
~ 
.... 
l 
r 
\ 
Pole~. 
8 
9 
10 
ll 
J,.2...__ 
j 
. . 13 
14 
15 
16 
I 
I 
I 
\ 
' 
I 
R.ock unit and location 
Clou:l M:>untain Basalt, 
western Newfoundlarrl 
Bradore Fonnation, Western 
NeWfamdland 
Wbod Canyon Fonnation, 
Desert Rar)ge, Nevada 
Buckin::Jham Volcanics, 
~ Gra.lp ! , <)Jebec 
Buckingham Volcanics, 
Groop II, OJebec 
Buckif¥3ham Volcanics, 
Gra1p II I, OJebec 
Tapeats Formation, Arizona 
~olite carplex, OJebec · 
L 
waynesboro FonnatJ.on, 
eastern Tei'UleSsee 
TABLE 4.1, (OOtiT'D) 
Age Pole Position 
Late Precambrian ' soN, l72DE 
.to Early Cambrian 
(605 Ma) 
Early Carrbri_an 29DN, l67<::!E 
Early Cambrian . 28DN, 134DE 
c:. 
Early Cambrian lOOS, 1860f: 
(573 t-\a) 
Early Cambrian , 
(573 Ma) 
1C>r\l, 173<::!E 
Ear 1 y Cambrian 6DN, 1540f: 
(573 Ma) 
Early to Middle 5~, 15SOE 
Carrbrian 
550 ~ 13DN, l46DE 
. Early Middle 
'l 2f30N, 1650f: 
Carrbrian 
\ 
\. 
Reference 
Deutsch and 
Rao (1977) 
Rao arrl Deutsch 
(1976) 
Gillett and 
Van Alstine ( 1979) 
Dankers and 
Lapointe ( 1981) 
Dankers and 
Lapointe (1981) 
flankers and 
Lapointe ( 19B1) 
Elst.cn and 
Bressle~ (1977) 
Seguin (1976) 
Watts et al. 
(l900a) 
'-'· 
Pole t«>. R:x::k unit and locatiCil 
.. 
17 ' a::me Fonnation, 
eastern Tennessee 
18 Carrara Fonnation, 
Group I 
19 carrara Formation, 
Grcup I I and Bcnanza 
Kir¥J Fo~tion 
20 Riley FonnatiCil, Hickory 
Mertber 1 Texas 
>6 21 Widrita Granites 
(AF' demagnetiz.u.ion), 
Oklaluna 
22 Widrita Granites (thermal 
demagnetization) 1 Oklahana 
23 Abrigo Fonnation, 
Arizona 
24 Ptllav Fornation, 
Arizona 
TABLE 4 • 1 , ( CX>NI'' D) 
lilt: -
Age 
Early Middle 
Caltbrian '-
Middle caimrian 
Middle Cambrian 
Middle carnt>rian 
(IDNer Dresbad\ian) 
Middle Cambrian .r· 
(525 Ma) 
Middle Canbrian 
(525 Ma) 
Middle to Late 
carrvrian 
Middle t.o Late 
Cani:>rian 
.. 
Pole Position 
38"N, 142DE( 
I 
36DN, ·· 134"E 
37DN, l36"E 
34"N, 145DE 
16DN, l49DE 
31 DN, l3B<>E 
5!JON, 89DE 
550N, llOOE 
' 
Reference 
Watts et al. 
(1980a) 
Gillett and 
Van Alstine (1979) 
Gillett and 
Van Alstine ( 1979) 
Watts et .al. 
(19Bob) 
Vincenz et al. 
( 1975) 
Vincenz et al . 
(1975) 
Elston and 
Bressler (1~77) 
Elston and 
Bressler (1977) 
flo 
0'1 0 .... ..._.,· 
... _ 
f ' 
TABLE 4.1, (OONI' ' D) 
Pole tb. Roc:X unit arti location ~e Pole Fbsition Reference 
25 Mardl Point and t-tiddle to Late 3. 4~, 145,. 6<=>E This study 
' 
Petit Jardin Fonnations of Canbrian 
Port-atr-Port Peninsula, 
western Newfoundland 
26 Riley Fonnation, cap Late -cambrian 33"N, 14QOE Watts et al. 
Mountain Merrber, "l'exas (Early to Middle ( l980a) 
Dresbachian) 
27 Riley Fonnation, Lion Late Cambrian 27~, l46<=>E Watts et al. 
M::luntain Merrber, Texas ·' (Late Oresbachian) ( 1980b) 
28 - Wi lOOms Formation, ~~ Late Crurbrian 24~4, 1510£ WattS et al. 
Creek-welge Member, Texas (Early to ~liddle (l9BOb) 
FranConian) 
29 Wilturns Formation, . Late carrbrian 6~, l59DE Van der Voo 
Point Peak Merrber, Texas (Upper Franconian) et al. {1976) 
<::. 
30 - Larrotte Fonnation Ila, ~ Late cambrian J80S 1 19 ;20E Al-Khafaji and 
sa.1th-eastern Mi.85alri • Vincenz ( 1971 ) 
/ 
I..arrotte Formation; lib, Cant> ' / ' 1:205, l55"E 
a'l 
31 Late n.an Al-l<hafaji and ~ 
·- sa.It.h-eastern Missouri f Vincenz (,i 971) I 
. } 
\. ( 
\ 
/ 
\ 
' 
' 
,J 
(' 
i 
\ -· 
" . 
~ . ~. 
•. . ...._, 
· '-,. 
POle No. Rock uni. t arXi location 
32 t>OlialUcky Formati<>n, 
eastern Tennessee . 
33 <blorado. intn*.i ves 
34 ~lure foot>untain alkali 
eotplex, Colorado 
35 BlaCk Canyon diabase, 
scut.l"rwestern Colorado 
36 Taum Sauk Limestone 
' 
c.. 
,1 
) 
'!'ABLE 4. 1 I ( <X>Nl'·' D) 
Aqe 
Late Cambrian 
·, . 
cambro-Ordovi~ian 
Carr"bro-<)rdovician 
Cambro-Ordovician 
Late ~ambrian 
Pole Position 
' I 40"N, 120<lE , I 
I 
37"N, 1.7 
1~· 
37~.· 
\ 
3.60S, l~OJ:: 
\ 
. I 
I 
. I 
(7 
.., 
Re'ference 
Gillet.t (1~2) ·,' 
'r.arson arrl 
Mutschler ( 1971) 
Lynnes and 
\lan der voo ( 1984) 
Larson et al. 
(1985) 
Dunn and 
Elm:>re (\ 985 ) · 
. --
'· 
. Wl'ES! The pole positions, shown are as cited by the respective authors. aqi are \generally \ 
considered to represent geographic north poles. Ages in Ma in bra<;Kets· are based oo radicrretric 
' 
detenninations. "POle m.1rbers are very roughly in decreasing order · of geologka.l age. \ 
\ 
~ 
Cl\ 
IV 
. II 
~-
. \ 
\ 
f 
I 
" 
.. TABLE 4.2 ----, 
. . ~' 
S01E rATE PAI.EOWIC POlES OF IDHlli ~!CA. 
J 
I 1 
• 
Pole N::>. Rock unit and location Geological Age tole Position Reference 
Dlli 
r-t<P 
TlD 
BFO 
coo 
SFO 
N:Jl'ES: 
Oeer Lake Group, 
western Newfoundland 
See tbtes 
.. 
Trenton Limestone, 
~ebec and Ontario 
__,.. 
Bonneterre Formation 
Port au Port Group, 
western Newfoundland 
.y St. George 
· McClure M::lu."'ltain·, 
alkali COTplex, Colorado 
• 7 
Early cartoniferous r 45~, 140<>E. 
Late Carooniferous to 430N, 
Early Penni.all 
........._ / 
126<Jt 
Middle Ordovician 
Late Cambrian 
Middle to Late 
carrt>rian 
\ Early Carboniferous 
·. Cant>ro-Or<bvician 
..____ 
53oN, l270f: 
43"N, l2~<>E 
40.20N, l35.60f: 
f -\ ~ .... 
34. 50N, 137. 30f: 
. 43"N, ll40E 
Irving and _ 
Strong ( 1984a) 
Ir:ving and 
Irving (1982) 
McCabe et a 1. 
(1984) 
Wisniowiecki 
et al. ( 1983) 
This StLrly 
~urthy ( 1985) 
Lynnes and Van 
der Voo (1984) 
In each~ above the respective authors consider the magnetization as of a Kiaman age (Lpte 
carboniferous to Early Pennian). 
r-t<P is the mean Kiaman Pole calculated for the interval 265-295 •a based on a nurr.ber of studies · 
catpiled ~n the cited reference and mentioned in Irving and Strcx'lC} ( 19~) • 
"\ 
' 
\ 
<'\ 
w 
' 
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western Newfoundland rocks (poles DLH & SFO) and from other 
localities of the Nor~h American craton (poles MKP, BFO and 
TLO). The "A" pole is consistent with a number of reported 
Cambrian poles, but is sign1fic~ntly mis~ligned with other 
poles reportedly representing a Cambrian magnetization. As 
demonstrated by Gillett (1981), the discrepancies are 
\ - - . 
mai-nl~ due to one of two causes, tectonic rotation or Late 
Paleozoic ~emagnetization or, in some cases, due to both. 
) 
It is to be noted that many of these poles . come from 
structurally complex rock sequences and it i.~ quite 
probable that those plotting close to the Late Paleozoic 
section of the APWP do not record a truly Cambrian field. 
In the following discussion, possible explanations for the 
discrepancies, as expressed by the original authors or 
otherwise, wi 11 be advanced as the results of Table 4.1 are · 
discussed in turn. 
The only Cambrian strata studl.ed paleomagnetically in 
western Newfoundland are the Lower Cambrian Bradore 
sandstone. Two separate _studies, one by Black ( 1964) and 
the other oy Rao. anp Deutsch ( 1976), were reported from 
this. Black's result was based on only AF demagnetization 
to 30 mT of these hematite be.aring rocks, the effectiveness 
of which was disputed by Rao and Deutsch ( 1976) • They 
obtained new and different results (Pole 9) after a 
thorough thermal demagnetization. Their final result is 
based on the average of sample directions obtained at 
665°C, using the best grouping criterion. However, sole 
---· 
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analysis of data in such a manner seems insufficient and a 
re-analysis of the results would be desirable. Their in 
situ mean direction of magnetization (D • 1460, I • 
18°) lii!s between the "A" and "8" magnetizations of this 
study. It is possible, therefore, that the Bradore Pole 
reflects a vector sum of unresolved components. The origin 
of the hematite remanence in the Bradore study merits 
further investigation. In a recent study (Hodych et al., 
1984, 1985) of hematite-bearing rocks it has be.en 
demonstrated that the only characteristic magnetization 
preserved in the hematite was acquired about 130 m. y. after 
deposition of the rocks. Therefore, hematite remanence has 
to be interpreted with ·caution. 
Gillett and Van Alstine (1979) originally expla i ned 
their Cambrian poles ( 10, 18 and 19) from the Desert. Range 
of Nevada in terms of tectonic rotat~ons . Their argument 
r, ,_ . 
was based on a .compariso.n with thj remanence direction 
obtained from the Tapeats Sandsto\e of the Grand Canyon 
(Pole 14), which is partially coev~l with the Wood 
I 
Canyon-Bonanza King Sequences (Poles 10, 18 & 19). Gillett 
and Van Alstine (in Gillett, 1981) ·have since argued that a 
-~""~ 
Late Paleozoic .. remagnetization rather ta-a.n tectonic 
rotation was responsible for the directions giving poles 
10, 18 and 19 in F~~ure 4.1. 
A result from· the ophi'llite complex of Quebec (Pole 
15, Seguin, 1976) w_as deriveid from a str~cturally complex 
area. A .-re ...;. study of these rocks ' (Seguin~ 1979) Yielded a 
66 
different result 0 • In the. latter study I AF and . thermal 
demagnetizations yielded different results and they are not 
quoted here. Seguin (1979) noted heterogeneous'magnetic 
be~viour which was not well characterized. There was much 
scatter in his data, apparently becau~e of the presence of 
multicomponents. Occasional~y two polarities were present 
within the same specimen. 
Watts et al. (1980b) and Gillett (1~82) have reported 
results (Poles 16, 17 and 3 2) from the structurally complex 
Valley and . Ridge Province of eastern Tennessee. Watts . et 
I 
al. (1980a) presented data (Poles 16, 17) from sites in a 
number of thrust sheets in the Rome Formation. These 
strata were shown to· have .stable ,'f>re:thrusting 
characteristic ma~tizations that reside in hematite. 
- They concluded that no vertical-axis rotation of the thrust 
sheets as a whole relative to each other took place. Their 
data, however, show much scatter in declination which 
requires explanation. 
Gillett ( 1982) reported results from the Late Cambrian 
Nolichucky Formati<:m (Pole 3 2). Though the magnetization 
is shown to reside in detrital magnetite, making it .· 
possible that the remanence is primary, a structural test 
.::!' 
based on different thrust sheets with different bedding 
attitudes proved ~egative. Therefore Gillett (1982) did 
not rule OUt the possibility of remagnetization. His 
preferred interpretation was, however, a relative tectonic 
rotation between the sites,' as the structural correction 
, 
• 
'Y 
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• 
resulted in a discrepancy mainly in declinations between 
the sites. 
A detailed paleomagnetic study was done on Middle to 
Late Cambrian strata from the Llano uplift in Texas (Van 
der Voo et al., 1976: Watts et al., l980b). Their results 
show a progression of p~agnetic poie positions with 
geologic ,age (Poles 20, 26-29)~ Watts et al. (l980b) 
attempted .to interpret the sca~t~r between these poles in 
terms of apparent polar wandering a~ong a Cambrian loop, 
situated in the Pacific Ocean, on which the presumed Early 
and Late Cambrian poles occupy near-equatorial present 
latitudes, while poles of presumed intermediate Cambrian 
age occupy high (~ 6QON) latitudes. The magnetizations 
from the Llano uplift, however, reside in hema.tit~ and ' are 
from a thin, cratonic· section that contains many major 
unco~formities ' (Gillett, 1982) • . · Therefore, .a diagenetic 
chemical remanent magnetization partially or completely, is 
. a possibility. 
The Lamotte Formation of Missouri (Poles 30-31) has 
been studied by Al-Khafaji and Vincenz ( 197·1). Based on AP 
~ 
demagnetization only, these wea'k·ly magnetized white 
sandstones gave sc~ttered results. They found that the 
specimens failed ~o be completely demagnetized even in 
fie1ds as high as 280 mT. A detailed mineralogical 
examination showed a complex magnetic mineralogy in these 
rocks. Furthermore, their thermal demagnetization did not 
yield reliable results. 
. 
· ' 
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The Wichita granites (Poles 21, 22) have been 
investigated by Vincenz et al. ( 197 5). 'i'he pole positions 
. ! 
corresponding to thermal and AF results are se~n to be 
significantly differe,nt. For both methods of 
demagnetization, the results were greatly scattered and the 
remanence changes produced during demagnetization were 
often erratic ~nd , incomplete. Vincenz et al. (1975) 
attributed- the scatter to a complicated remagnetization 
history. They speculated that most of the magnetization 
might ·have b~en acquired during a Late Paleozoic 
hydrothermal event. 
Results from the Muav and ~brigo Formations of the 
Colorado Plateau giving high latitude poles ( 23 and 24) 
were reported by Elston and Bressler (1977). The 
• 
magne~ization in these Formations resides in hematite. 
/~ 
· ;Sample-....~ere 'obtained near a Cambrian-Devonian 
;I disfonformity. Therefore, remagnetization due to 
. ,r~ar/rface processes associated with ·_ground water 
movement during the Devonian remains a possibility. Also, 
as the ~brigo is in the southern Basin and Range province,_ 
it may have .undergone vertical-axis rotations (Gillett, 
1982). 
Intrusives from Colorado were studied by L~rson and 
Mutschler (1971} and French et al. (1977) • . The isotopic 
ages quoted by these authors range_ in age from 704 to 485 
Ma and give a multimodal distribution of paleomagnetic 
directions (Poles S-7, 33). The widely scattered pole 
~ 
1 
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~ositions probably reflect different ages of magneti~ation, 
with high latitude poles possibly representing a complete 
remagnetization in the -Late Paleozoic (French et al., 
1977). 
'l'wo· recent results have been reported from 
Cambro-Ordovician igneous rock sequences (Lynnes and Van 
' _,-' 
der Voo; 1984: Larson et al., 1985) whi-t::h give pole 
position entirely diferent from each other (Poles 34 and 
35). Whereas the McCl~re Mountain _alkali complex of 
Colorado (Pole 34) studied, by Lynnes and Van der Voo (1984) 
' falls close to the sout.heastern·, low-latitude cluster of 
Cambrian paleopoles, the Black Canyon diabase of 
southwestern Colorado studied by Lar$on et al., (1985) 
yields a high-latitude pole position (Pole 35), close to 
the Late Paleozoic polea (Figure·4 .• l}. Though Larson et . 
al. · ( 1985) have questioned the validity of the published. 
southeas~ern Cambrian poles, they do not present conclusive 
evidence against remagnetization in the rocks they studied. 
Thu~, from the above discussion it is seen that a 
-maj9rity of high-latitude Cambrian poles is associated with 
problems concerning either geologic structure (tectonic 
r.ztation etc.), or possible · remagnetization, or uncertainty 
:egarding the age of magnetization. On the other hand, it 
seems quite probable that the published low-latitude . poles 
. with which the present result is in fair agreement 
represent the reference geomagnetic field for . some part of 
the Cambrian period presumably mid- to La,te Cambrian, 
70 
relative to cratonic North America. The 1~-latitude 
Cambrian poles, few though they are (Figure 4.1, Table 
-4.1), fall close to some af the reported Late Preca 
poles .(l-4). A result (Pole 1) from reportedly Late 
Precambrian dykes (Murthy, 1971) has been, in fact, 
interpreted to be largely Early Paleozoic in age (Dankers 
and Lapointe, 1981), as the dykes ~pan several hundreds of 
t . 
millions of years in age. Elston and Bressler (1977) have 
reported a low~latitude Cambrian pole (Pole 14) from the 
Early to Middle Cambrian Tapeats sandstone of Arizona. ·-
Though the remanence resides in hematite and no eviaence 
. ' 
was presented about its possible origin, they found 12 
poLarity reversals in this. rock· sequence. The normal and 
reverse porarity directions were closely antiparallel 
which, they argued, would favour a penecontemporaoeous 
acquisition of mClgnetization during deposition of the 
• 
Tapeats. 
Another low-latitude pole (36) was recently reported 
by Dunn and Elmore (1~85) ·from the Upper Cambrian 
(Dresbachian stage) Taum Sauk timestone of southeast 
Missouri; A Late Paleozoic overprint (close to the 
lettered poles in Figure 4.1) was also isolated. Both 
components were shown to be carried by hematite. Th~ugh ~ 
the petrog~aphic examinatiion failed to show a detrital 
origin of hematite, the low-latitude pole was interpreted 
to reside in hematite of early diagenetic origin. 
""" There is some scatter in the low-latitude Cambrian 
.. 
, 
" 
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poles, too·. The scatter 'of poles 11-13, obtained from 
radiometrically dated Lower Cambrian volcanics of Quebec 
(Lapointe and Dan~ers, 1981), has been interpreted as a 
rapid APW .motion for the North American craton during the 
Early Cambrian. The fact that some of the poles in Figure 
~.1 cited as mid- to Late Cambrian are close to the above 
Early Cambrian poles makes Lapointe and' Danker's 
interpretation, which is based on a sho£~er Cambrian time 
sca.le, somewhat speculative. Therefore, the most that can 
be concluded from the interpreta~on o.f the _ low-latitude 
poles vis-a-vis their geological ages is that they appear 
to be r-epres-entative of some Cambrian reference field for 
the North American craton. This conclusion is strengthened 
by the fact that these low-latitude poles are far away from 
.. -"" 
the Late Paleozoic po~es;'hence the possibility that they 
were remagnetize~ in the Late Paleozoic can be discounted. 
A precise determination of the Cambrian geomagnetic field 
must, -however, await .results from more. rock exposures from 
widely distributed localities within the craton. 
CHAPTER 5 
ST. GEORG~ GROUP 
r 
5.1 Geological Setting 
Rocks of the autochthqnous St. George Group of Early 
Ordovician age are exposed on the Port au Port Pen~la 
.~ .. 
and in several localities along the western ~oast of the 
..,_ 
Great Northern Peninsula of Newfoundland. In addition t _o 
the classic work of Schuchert and Dunbar (1934), the 
.. 
geology of the St. George Group has been studied by several 
autho..rs.already mentioned in Chapter 2. The following 
brief geological description is after James and Stevens 
(1982). 
The St. George Group on Port au Port Peninsula 
comprises 573 meters of thick-bedded dolostone and 
limestone exposed along the south and east coasts of the 
peninsula, from the lower contact with the Cambrian Petit 
'r 
Jardin Formation to the upper contact with ' the Middle 
Ordovician Table Point Formation. The St. George Group has 
been subdivided into three Formations. In ascending order, 
they are: (1) The Isthmus Bay Formation: (2) The Catoche 
Formation: and_ (J) The Aguathuna Formation (Figure 2.2). 
The Isthmus Bay Formation has been provisionatly 
reclassified into the Watts Bight and Boat Harbour 
Formations (Klappa et al., 1980), but for the present 
. . ' . purpose the prev~ous nomenclature, 1.e., Isthmus Bay 
' 
Formation, will be retained. The Isthmus Bay and Aguathuna 
72 
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Formations a·re predominantly cyclic carbonates, while the 
Catoche Formation is mostly •ubtidal limestone. on the 
basis of cephalopod distribu~ion, Flower (1978) has 
confirmed that' the strata range in ~ge from Early Canadian 
to Late Canadian, corresponding to a range from Tremadoc to 
Ear.ly Arenig. The Isthmus Bay ~ormation is predomin'antly 
Gasconadian in age. ~e Catoche Formation is probably also 
·early. Canadian, while the Aguathuna Formation is late 
Canadian. · . ~ ' 
Exposures belonging\ to the Isthmus Bay Formation 
'consist of thin to thick-bedded limestone and dolostone 
which are repeatedly interbedded. Rocks of the Catoche 
Formation, comprising the middle, mainly subtidal part of 
the St. George Group, co~sist mainly of burrowed, 
• fossiliferous ·limestone. The fossils are quite often 
replaced by sili~a or dolomite . The Aguathuna Formation is 
thinner than the other tw·o formations, and consists of 
interbedded dolostone and limestone, with textures 
irlenti~al to that of the Isthmus Bay Formation. Rocks of 
the Aguathuna Formation and the overlying limestones of the 
Table Head Group (Table Point Formation) are very well 
exposed in the Aguathuna quarry (locality AO in Figure· 2.3) 
along the northeast coast of the Port au Port Peninsula, 
. 
where the St. George- Table Head contact has been described 
as an unconformity. At Table Point on the Northern 
Peninsula, the contact between the St. George and Table 
Head Groups (Aguathuna and Table Point Pormatioha) ia now 
• 
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considered to be essentially conformable. At both 
"* wlocalities", the limestones in the lower part of the Table 
Head are lithologically very similar to the limestones 
developed throughout the St. George Group (Levesque, 1977). 
5.2 Paleomagnetic sampling and results 
Samples for paleomagnetic investigations were 
.. 
collected in both the Port au Port area and the Port au 
Choix area from ' tl\e localities shown in Figures 2.3-2.4 
· -(Chapter 2) and also discussed in Appendix c. Detailed 
sampling and paleomagnetic results for the two areas are 
described separatelt below. 
5.2.1 Port au Port Area 
Fifty-seven oriented hand samples -.from 14 sites 
• 
comprising the three Formations were collected at three 
localitiea (Figure 2.3). The distribution of samples over 
the three Formations is as follows. Isthmus Bay 
Formation: 5 site's ( 21 samples):· Catoche Formation: 5 . 
sites (20 samples): and Aguathuna Formation: 4 sites (16 
.. 
samples). Two or more __ specimens of standard size (see 
Appendix A) were cut in the laboratory from each sample. 
Paleomagnetic studies were done on 97 specimens, which 
include at least one specimen from each o£ the ~ s7 samples. 
The NRMs of one specimen fr~ ~ach of the 57 samples 
are plotted in Figure 5.1, which shows a streaked 
distribution mainly in the southeast quadrant with shallow 
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Fig. 5.1. NRN directions of St. George Group sc:1mpl es, 
Port au Port area. Equal area projection 
on the lower hemisphere. · _ 
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to steep downward,;...directed inclinations-. This distribut-ion 
suggests that the NRM is the resultant of a steep down 
component and at·least one other component inclined less 
steepi.y to the southeast. The intEms ities ran~e betwe'er-4 1 
x lo-4 A/m and 3 x 10-3 A/m. 
I 
Both AF and thermal demagnetiz'iltions were performed on 
the specimens for the isolation of stable components. At 
first, 14 sampl~s. each from a different site, were chosen 
randomly for AF and thermal treatments. At least two 
spec'imens from each of these 14 samples were demagnetized 
'Q 
in detai 1· - one thermall.y and the other by AF. Some 
typical l'esults of the AF and thermal _ treatments are 
compared in Figure 5.2.~ where it is deen that two 
... 
specimens, AQll-A and AQll-C, from the same.sample, give 
comparable results after both treatments. The steep down 
• NRM vector moves ,to a shallower direction towards southeast 
\ 
at higher temperatures or fiel-ds and attains a stable end 
• ; t 
, . I 
point in the temperature rangre of 200-4sooc or AF range 
of 10-40mT. The stable component is uncoveted chiefly in 
the range 300-4000C where there is a sharp drop in 
intensity as seen on the decay curve. The intensity during 
AF demagnetization decreases smoothly to a low value by 100 
mr-r---+ndicating a widely distributed coercivity spectrum. 
( / However, specimens AQ16-B and AQ16-C (Figure 5. 2, 
t ,.....-J . 
,{ight) from another sample do not give comparable results 
after the two treatments. · While the thermal beh-aviour is 
similar to that shown by the previous sample, the AF 
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Fig. 5.2. Demagnetization results of specimen pairs (a, b and c, d) from 2 St. 
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treatment failed to deflect the steep down NRM 
significantly. A' very stable steep direction is maintained 
in ·the range 15-40. mT fot specimen AQ16-B, but this 
·direction is very different from the stable shallow 
direction obtained after therma":i. demagnetization ·(Specimen · 
AQ16-C). This discrepancy is probably due to the 
~nco~plete dec4 the remanence on AF treatment . up to 100 
mT. It can be seen) from the figure that 40t of the 
intensity remains even after treatment to 100 mT, whereas 
thermal treatment 1~ to its almost complete decay by 
500°C. It seems quite .P):-obable that, in ·specimen AQ16-B, 
~~ / 
a dominating steep component with higher coercivity masks a 
shallower component o~ lower coercivity which corresponds 
to the component isolated by the thermal treatment in 
Specimen AQ16-C. The fact · that this shallow component 
could be well isolated in the thermal treatment indicates 
that the steep component has a lower blocking temperature 
than the shallow component • In other words, the steep and 
...., shallow components are well differentiated in regard to 
I 
/ 
I ' 
\ 
I 
their blocking ~e~peratures, but their coercivities are 
overlapping. A further discussion on this result 
g~en in Section 5.2.i. 
The' two treatmel\tS, however, do suggest that 
treatment is not always effective i n isolating 
characteristic components from these rocks. Therefore, 
detailed thermal demagnetiz~tions were carried out on the 
rest of the specimens for i.sol,ating one or more stable 
/ 
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compof\ents. For this purpose, one specimen from each of 
the remaining samples w_as thermai.ly treated in detai 1. As 
i~ the· Cambrian rocks, two distipct, relatively shallow 
components could be_ isolated from the results of th~rmal 
. . 
treatment, in addition to a steep downward-directed 
comp'onent. The steep component could be very easi.ly erased 
at atepa below 3000C and is probably' a viscous rema~ence 
acquired in a field close to presen_t earth' & field ( PEF). 
The two characteristic components are hereafter called the 
"A" and "B" components, by analogy to the case of the 
directions of each component are not necessarily the same 
for the , two periods. The thermal. results of 'Figure 5. 2 
refer to the "A" component. Two other representative 
restnta yielding\ t:he "A·. component are shown in Figure 5. 3, 
'-··- ·-- -
where th~ results are plotted on a stereog.ram and as · 
orthogonal vector end points (Zijderveld, 1967}. These 
results are similar to those shown in Figure 5.2, leading 
to the isolation of a characteristic southeasterly 
directio~ with shallow positive inclination, in the range 
300-4500C. This . is evid&A-t. from ·the correspondence 
between the stable end point on the stereagraphic plot and · 
.-
the univectorical decay to the origin seen on the vector 
d'iagram. Additional vector plots yielding "A" component 
are shown in Figure 5.4. A total of 37 samples (one 
apecimen each) from 12 sites yielded the characteristic "A" 
direction. The characteristic directions of individual 
--
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Fig. 5.4. Representative orthogonal vector diagrams of 
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George Group, Port au Port area. One specinen 
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direction as the St. Geo~ge. The Table Head 
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TABLE 5.1 
'lliEIMl\L OEW>.GNETIZATION RESULTS ~ '1liE ST. ~Ra: GIUJP FOR 'niE 
"A" C(Ml()NENI' I PORI' AJJ PORI' . AREA. 
-Characteri~tic direction _Stability 
.. 
Site Specimen - In situ 
---
Tilt-corrected range 
D J D I (O C) 
Istl"ini.l.$ Bay Fonnation 
IB3 IB1Q-B 161.3 27.2 .. 162.8 44.1 3()()-350 (ave.) 
IB4 IB16-1 ' 138.7 31.0 134.3 47.1 35<>-400 (ave.) 
IB4 - IB16A-1 161.! 31.8 162.8 48.7 350-530 
IBS IB17-A 163.1 16 •• 1 164.3 32.9 3()(}-500 
IBS . IB18-A. 
-
154.0 16.7 153.8 33.7 300-~ 
,JB5 IB19-A · 147:5 16.5 146.4 33.3 30Q-500 
iSS IB2o-B 149.3 16.8 148.5 33.7 300-500 
' cat.oche Fonnation 
PHl PH4-A 128.5 4.5 127.8 15.9 300-500 
PH2 PHS-1 148.8 17.9 149.0 29.8 350-450 
PH2 PH7~1 "157 .4 15.5 158.3 27.2 3()()-500 
PH2 PHS-A 143.8 20.0 143.5 32.0 3()(}-500 
PH3 PH9-1 161.4 17 ·3 162.8 28.0 300-450 
PH3 PHlQ-B : 133 .8 30 .0 . 131.8 41.6 35Q-500 
PH3 PH11-1 131.3 27.3 129.2 38.9 4()()-500 
PH3 PH12-2 151".7 28.6 152.6 40.5 350-500 
PH4 PH13-\ 145.1 23.3 144.9 35.3 300-500 
PH4 PH14-2 149.8 18.7 . 150.1 30.6 350-530 
PH4 PH15-2 140.8 18.8 140·3 30.8 350-530 
PH4 PH16-B 142.7 21.1 142.3 33.0 350.:..500 
PHS PH17-B · - 146.9 13.9 146.9 25.9 - 350-530 
PHS \ PH18-A 143.0 7.5 142.8 19.5 350-530 
·PHS A-119-3 143.2 10.7 143.0 22.7 350-530 
PHS PH20-1 145.6 10.8 145.6 22.8 300-530 
, .,. 
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TABLE 5.2 
· SITE-LEVEL ~STrc .nrREX:TIOl'5 FJCM 'nit sr. OORQ:;·ca:Xw.·. 
j "A" caotPONENl' I FORr AU PORI' .ARFA • 
.... r_.- - -
In situ Tilt:..correct.ed 
Site n/rio D I D I 'k. ~~5 
IBS 4/4 153.5 . 16.6 153.3 33.6 147 7.6 
3/4 
. 
150.0 17.9 150 ·4 .' 29.9 137 10.6 PH2 I ' . . 
PH3 . 4/4 144.9 26.3 144 ."1 38.3 32' 16.4 
PH4· 4/4 144.6 20.5 144.4 32.5 "365 4.8 
PHS 4/4 144.6 10.7 144.5 ~2. 7 646 3.6 
1\01 4/4 154.4 28.9 '147 .1 #.0 ll9 8.4 
HJ2 3/4 155.-6 .20.6 150.6· 36.1 242 7.9 
.A03 4/4 151.5 20.6 145.9 35.4 465 4.3 
.AQ4 3/4 158.6 14.1 155.2 30.2 174 9.4 
N::tl'ES: n/no 'is the r1llti:>er of sartt>le characteristic directions used 
in <XItplting the site mean/nl.lnber of &Mp1es thermally. 
denagnetized. Other syntx>ls as in Tables 3.1-3.3_. 
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specimens· af'e listed in Table 5.-1. All but tnree of these 
direct~ona were ~omputed by vector subtraction between 
' three or mote collinear points directed to 'the or:i,gin on 
the orthogo~al projections. For the remaining three 
specimens (Table 5.1) the characteristic directions were 
I . . 
t~ken to be the· average of directions in the stable t:'ange. 
In Figure 5.5, individual ~ample.direc:tions and site means 
are plotted. Site means for any site with fewer than 3 
\. :~; 
samples have not been plotted, leavin9 only 9 sites, wit,?-..P~ . 
. I , 
are / 
I 
total of 33 samples. The remaining 4 samples 
distributed over tbree other aites. Fisher's st~cs 
(Ftsher, 1953) for site-level are - listed in Table 5.2 • . For 
the reasons to be disc'ussed later in this Chapter, the "A" 
com~onen~ i~ co~aid~red tor· the depositional or early 
post-depositional magnetization of these-rocks. Ther~fore, . 
. .. t 
a geolo~ical tilt . correction has been applied to the 
characteristic directions in T~bles 5.~-5.2. • 
As discussed earlier, the AF tr:eatment was not found 
as suitable as the thermal treatment for the isolation of a 
characteristic magnetization because of the fact that a 
higher coercivity component seemed to mask the · 
. . 
characteristic- component in some of the specimens. 
Nevertheless, a · 5-step AF demagnetization in the range 
. . -
10-60 mT was carried out on one fresh specimen each from 24 
samples not previously used in the pilot AF study ~ Along 
with the 16 specimens pilot-demagnetized in 10 steps, these 
24 speci~na used in the 5-step procedure, made a total of 
J 
(f 
/ 
) 
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:. 
I 
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• 
.. 
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40 specimens (38 samples) wt}ich were AF demagnetized. As 
was found ~n the detailed (10 to 12-step) study, the 5-;step ) . .. 
,Erocedur:e also yielded variable results, most of the 
specimens ' showing a directional trend to the southeast., 
terminatin9 in .some cases in a stable direction akin to the 
' 
typical thermal "A" component direction. How~ver, jus~ 
over half of the AF-treated spe-cimens failed to end ~p in a 
shallow direction. Among all the AF-qemagnetizid 
specimens ~ between 10 and 70% of the intensity still 
remained after treatment tc) 60 mT • 
The "B" component was isolated from 14 samplea.:·(orie 
specimen each) distribute~· over 6 sites. Figure 5.6 
documents the magnetic beha~io~r leading to the " B" 
component, as revealed after thermal and AF demagnetization 
.. 
of two specimens. In both of these specimens, a south to 
southeasterly component with near-horizontal negative 
inclj.nation is revealed after both thermal and AF 
treatments . In speci~en PH2-1, a dominant st~ep down 
component i~ erased below 2oooc, after which a stable 
component ~ith a shallow negative .inclination is uncovered , 
. 
in the range 400-560°c.. This is seen on the stereogram 
and f~o~ th~ orthogonal projection. This stable component 
resides in ~he last 15% o f the total intensity. The AF 
treatment of. specimen IB2-B reveals the "s:· comp~::ment in 
the range 20-50 mT after the removal of a steeper 
0 . . 
component, but · a substantial intensitty (" 80\ of .NRM) ·atip 
. --
_..A"emains fter treatme~up to 
-·0~ . ,..,. . 100 mT., . aga~ggesting· \ \ ' 
the 
" 
/ 
\ 
\ 
,~ .'> 
0 
-
Fig. 5.6 
~ 
" 
·------ ·--. ... 
Demagnetization results of 2 St. George specimens yielding "B" 
component. Top : Thermal ~esul ts plotted on a stereonet and 
as a vector diagram; bottom: AF results plotted on stereonet 
only. Conventions as in Figs. 5 . 2, _ 5.3 . 
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presence of relatively high-coercivity grains as the main 
r .ema_nence carrier . 
In Figure 5. 7 are plotted the thermal demagnetization 
results of two" other specimens yielding the "B" component. 
Specimen -'06-C seems to be preserving both the "-'" and "B" 
components which can be separately identified by a close 
inspection of both the stereographic plot and the 
orthogonal vector diagram. The 11 A" component is being 
erased in the range 300-4Sooc. This is identified as a 
linear segment on the veator diagram._ Between 4500 and 
' ~~. 
560°C, a stable end point is observed which corresponds , 
.. ,~ 
to the "B" component. This does not seem to be well 
defined on the' vector diagram, but the e,/idence using the 
. stable end point criterion is strong. This is the only . 
specimen in the entire collection which clearly revealed 
the coexistence of both the "-'" and "B" components along 
with the steep viscous component. In the rest of the 
f 
'pecimens, either a stable · "B" direction or a stable "A" 
direction was isolated. For example, in Specimen 181-B in 
Figure 5. 7, the remova 1 of a viscous component below 
200°C was followed by the uncovering of a nearly 
horizontal component which remained stable up to high 
tenaperatures well past the Curie point of magnetite. An 
almost uni vectorial trend on the Zi jderveld diagram in the 
range 200-6sooc confinns the presence of the above single 
co.aponent at high temperatures. The calculation of the 
characteristic •s• component in these two specimens and 
.. 
l 
f 
( 
' nl 
I. 
Fig. 5.7. 
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George specimens yielding (top) both "A" 
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is erased i~ the rang~ 300-4500C (vector 
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Open synbols on vector diagrams are projections 
on N-S vertical (V) plane. All other 
conventions as in Figs. 5.2, 5.3. 
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others l,.ike them, however, is ·based on averaging the 
directions in the stable range rather than on vector 
subtraction based on the Zijderveld diagrams, as the decay 
to the origin does not seem to be clearly established in 
these cases. The characteristic directions isolated from 
14 samples are listed in 'l'able 5. 3, and are plot ted in 
Figure 5.8. No geological tilt correction has been applied 
to the characteristic directions in Table 5.3, as these ar~ 
interpreted to be· a secondary component (see discussion 
below) acquired after the tilting of the strata. 
In Table 5.4 are listed the results of Fisher's 
statistics (Fisher, 1953) for the "A" and "B" components of 
the St. George Group. The overall mean direction of the 
"A" component, giving u~ weight to samples after :ilt 
correction, is D = l47.9o,):r a: 34.50 ( a 9 s = 3.2~ k 
• 57, N • 37 samples), which is almost coincident with the 
site mean direction, D = 148.501 I = 33,70 "" --
4.45' k • 139, N • 9 sites). The site-mean direction is 
p~eferred, and the antipole position corresponding to it is 
17.5oN, 152.3oE (dp • 2.ao, dm • 4.90), This falls 
f' • 
near several reported Ordovician poles to be d1scussed in 
Chapter 9. The •A" component directions corresponding to 
the three formations of the St. George Group were 
separately averaged also (Table 5.4). The three formation 
mean• have been plotted with their 95% confidence circles 
in Figure 5.17 along with the corresponding means from the 1 
Port au Choix area and will be further discusrid wi~ the 
\ 
.. 
. 
Fig. 5.8. 
-' 
' ,, 
--,..,; 
0 
0 u _/ o· 
I 
~· I 
' 
s 
Sar1~le ch~racteristicldirections for the "B" con~onent afte~ 
therMal demagneti7.~tior.. Solid (0~en) circle5 on lc~·en 
(urper) hemi~p~ere. Equal area projection. 
'.D 
~ 
L 
- · - .. 
Olaracteristic directi<XlS aluve are based either en vector 
subtraction (v.s.) fran Zijderveld plots or average of directions 
(ave.) in the tE~T"ptrature range irxUcated • 
• 
-
\\ 
I TABlE 5.4 
MEAN P~IC J:A!\TA FOR 'IHE "A" AND "8" COw1PONENI'S AFTER 'l'HERMAL 
DEMAGNETIZATION OF THE ST • . GEDRG: GIUJP, PORI' NJ PORI' AREA. 
97 
. 
Port au Choix 'results. 
The mean direction for . the "B" cGmponent (Table 5.4) · 
14 samples), ~orresponding to an antipole at 44.9°N, 
~a.2oE (dp = 3.6o, dm = 7.10) _which is consistent 
with a number of reported Kiaman poles (Figure 9.1, Chapter 
9). As .in the case of the Cambrian "A" ~nd "B" components 
, (Chapter J),·the soutb poles are· consistent with the 
pr.esumed APW path for North America, and therefore the 
polarities of th~agnetization are taken tQ be reverse for 
t}lese rocks • · 
About 88% of the St. George collection (50 samples out 
of a total of 57) was found to be paleomagnetically useable 
after thermal demagnetization. 
5.~.2 Magnetic mineralogy (Port au Port rocks) 
Fourteen fresh specimens (all from different samples) 
were subjected to IRM-acquisition and back-field ' 
experiments with a maximum field strength of 0.82 T. Three 
types of characteristic curves were obtained (Figure 5.9), ' 
and are similar to types 1-3 obtained from the Cambrian 
rocks, which were discussed in detai 1 in Se-ction 3. 3. 
Obviously these curves indicate the presence of either 
magnetite alone (type 1, Specimen AQ18-B) or a mixture of 
magnetite and hematite or goethite (type 2, Specimen 
PH4-B1; it is possible also for hematite or goethite to 
occur alone or as a mixture (typ.e 3, Specimen 182-C). It 
IRM(A/m) 
IRM(A/m) 
0.1 
0.02 ,. IRM(A/m) 
0.01 
0.01 
• 
AQ 18-B 0.05 PH 4-B IB 2-C 
0.5 1.0 
H (TESLA) 
(a) (b) 
0.5 1.0 
H 
0.5 
(c) 
Fig. 5.9. IRf! acquisition and back-field characteristics. Curves (a), 
(b) are characteristic of samples yielding "A" component~ 
curve (c) of samples giving the "B" coMponent, after thermal 
deMagnetization. 
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is difficult to distinguish between goethite and hematite 
from type 3 IRM curves (Lowrie and Heller, 1982), but in 
the absence of magnetite they can be distin~uished on the 
basis of . the very much higher blocking temperatures 
resulting from the presence of hematite. A gradient 
observable in type 2 (Specimen PH4-B), after a strong 
initial increase in intensity, could possibly be 
contributed by the presence of hematite or goethite 
coexisting with a dominant magnetite phase of type 1, 
though the presence of goethite in type 1 curves also 
' . 
cannot be ruled ·out (Lowrie and Heller, 1982). 
'l . . 
Combining the evidence from IRM studies-~ith that from 
the AF and thermal demagnetization results has made it 
possible to identify the magnetic phases carrying the 
r 
remanence in these rocks. Those samples giving type 1 IRM 
curves always yielded the "A" componenh, which was 
unblocked in the temperature range 300-SQQOC (Figures 
5.2-5.3). This gives a stro~g indication of magnetite 
being the remanence carrier of the "A" component. Type " 2 
IRM curves are also most often associated with the "A" 
component. This shows that goethi~ or hematite are 
probably not important in most of these samples ·as a stable 
remanence carrier. However, the only specimen (AQ6-C; 
Fi,gure 5.6) where both "A" and "B" components were 
isolated, is of type 2, as expected. As discussed in 
Section 5.2.1, the "8" component in specimen A06-C retained 
remanence beyond the Curie Point of ma~net~, suggesting 
•. 
.. 
-~ 
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hematite as the remanence carrier. Samples corresponding 
to type 3 IRM curves either exclusively yielded the "8" 
component, with unblocking temperatures usually exceeding 
0 
the Curie Point of ma~etite, or they failed to yield a 
stable remanence at h~g\ temperatures. From those "B" 
component samples which unblocked en~irely below the Curie 
' Point of *magnetite, no evidence of magnetite w~s found from 
the IRM study. · Thus _the evidence s~ms to be strongly 
favouring hematite as the remanence carrier for the "B" 
component. The origin of hematite in these rocks could be 
(/ 
by one of the processes already described in Section 3.3. 
However, some further comments on the.m~gnetic mineralogy 
of these rocks are of ~nterest and are given below. 
Two samples, one each from the Isthmus Bay and 
Aguathuna Formations, gave indications of the presence of 
goethite exclu~ively as the remanence carrier. The results 
of AF and thermal demagnetizations on two specimens from 
the Isthmus Bay sample are shown in Figure 5.10. The AF 
result (specimen IB6-l) shows very little reduction (15\) 
in the intensity up to 100 mT, during which the NRM 
directio~ remains stable. This steep downward-directed 
magnetization is close to the present earth's field 
direction. Thermal demagnetization of the duplicate 
specimen, IB6-2, shows a 96' reduction in the intensity at 
100°C. Such a low blocking temperature is attributed to 
goethite, a mineral that is fairly common in limestones 
(Lowrie and Heller, 1982). _The remanence direction at 
J 
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" . . 
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Fig. 5.10. ~' DeMagnetization results of specinen pa i rs 
from a St. George sawple ~hdicati ng goeth i t e 
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• 
higher temperatures, however, is seen to migrate 
systematically to the southeast (Figure 5.10) and it ~eems 
' . 
that a near-hori~ontal i"B" J) component is preserved in 
this specimen. However, this specimen has not been 
included in the final "B" component statistics, because of 
• /1 
the chemical changes associated with goethite at high 
-temperatures. It is known that_goethite dehydrates to 
hematite at 3oooc, so the thermal demagnetization above 
this temperatur~ is clouded by uncertainty about the ·role 
of a new hematite phase, especially in this case where the 
remanence seems to be carried almost entirely by · goethite. 
The possible coexistence of goethite with either 
magnetite or hematite has been indicated in a number of 
specimens. It was observed in Figure 5.2 that, on AF 
demagnetization, a steep-down component with relatively 
high coercivity has probably shrouded the shallower 
component that had been . revealed on thermal 
demagnetization. ,_The shallower component, with unhloc'k ing 
temperature well below the Curie point of magnetite, could 
be easily isolated tiy the thermal treatment. It is 
-
therefore concluded that specimens AQ16-B and AQ16-C 
(Figure 5.2) probably contain a mixture of magnetite and 
goethite, in which goethite carries the steep component 
(which seems to be the same as the very hard component ·of 
1 
Specimen IB6-l in Figure 5 .1'!:'6), whereas magnetite preserve• 
1.: • . 
the "A" component. A sharp brea'k in the thermal d'ecay 
curve of Specimen AQ16 - C (Figure 5.2), following 4Sl 
' 
) 
L 
' \ i 
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0 
intenaity reduction at 100 C, seems to reinforce this 
concluaion. Becau•e the proportion of the remanence 
attributed here to ~ngetite is dominant, chemical changes 
- ., -
leading to inversion of goethite to he'matite probably do · 
not pose a problem in · the isolation of the most stable 
' I 
~ . 
r 
• • 
. . , 
component. However, in 4 to 5 specimens where goethite 
seems to have carried a larger proportion of remaQence, as 
revealed by 80 to 90' reduction in intensity at 100oc, 
isolation of the most stable component was a problem. Most 
of thea,e specimens failed to yield a consistent component 
at higher , temperatures and the measur;ements :were often 
' J not. The, specimens 
e&klusively from the 
which posed this problem are 
Isthmus Bay Formation, from those 
sites where a "B" component was isolated. Thus the problem 
seems to be related to those specimens where probably 
hematite and. goethite exist together, with goethite 
carrying the la-rger proportion of remanence. 
5.2.3 Port au Choix area· 
Ninety-nine oriented hand samples were collected from 
20 aites •panning all three Formations of the St. George, 
Group (Figures 2.2, 2.4). The distribution of samples is 
-·-
aa follows. Isthmus Bl!-Y Formation: 39 samples (8 sites): 
Catoche Formation: 40 a~mples (8 sites): Aguathuna 
, Formatipn & 20 samples ( '\ si tea') • standard 
ap~cimena ~ere cu~ fr~m eac.h ' of these samples. Remanence. 
meaaurementa were done on at per sample .. 
-. 
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The NRM directions of all the samples (one specimen 
each1_ are plotted in Figure 5. ll. They are tightly grouped 
in a steep downward direction. The NllH in-tensities range 
-
f ·rorri 3 · x lo-4 A/m to 7 x 10-3 A/m, with a large 
... 
majority of samples ha..ti.ng· intensities in ·the range 1 to 3 
• 
x lo-3 A/m. AF demagnetization was -~arried out on 20 
specimens, each chosen from a different site. Figure 5.12 
represents the demagnetization characteristics of these 
specimens. It shows that the steep downward-directed NRM 
~ 
either remains steep (Specimen PC9l-A) , . or moves to a .. .J 
shallower, but still downward stable direction (Specimen 
PC2l-C), or else changes sign to end up in a shallow upward 
direction (Specimen PC6-2). The intensity decay in all the 
three spe~imens was smooth and almost complete (J/Jn < 
5\) well below 100 mT, which suggests the absence of 
high-coercivity grains a·s remanence carriers. These· three 
apparently stable, but: widely divergent directions probably 
indicate the p~~sence of components with partly to' almost 
completely ("PC91-A) overlapping coercivity spectra which 
cannot be resolved by AF treatment. For two specimens 
(PC6-2 and PC21-C) the trend o 'f directional change at 
~ 
. I higher f1.elds, however, seems to favour a north to 
northeasterly characteristic component wh~ch is represented 
by Specimen PC6-2, showing a •' shallow, upward-directed end 
point. 
Thermal demagnetization was found to be more effective 
in ieolatin<:J characteristic magnetizations from a majority 
.... 
~ 
,/ 
1-
y 
" 
& 
Fig. 5.12·. AF demagnetization results for 3 St. George specimens from 
Port au Choix area, yielding three distinct stable d i rections. 
Conventiops for stereoplots as in Fig. 5.2 and for vector 
diagrams as in Fig. 5.7. 
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of the samples. One specimen from t ach of 99 samples waa 
thus'thermally demagnetized according to the step-schedule 
outlined in Appendix A. Based on the result of -some 
detailed pilot demagnetizations, it was found that 
treatment at temperatures of 100oc and 2oooc only 
indicated the removal oi a large, steeply inclined 
component close to present earth's field, probably of 
viscous origin. Therefore it was decided, in the majority 
of specimens, to proceed directly from NRM to the Joooc 
step. For these specimens, the results are based usually 
on a 4-step demagnetization be~ween 3oooc and 45ooc, 
after which the intensity was often reduced to 1 to, 2\ of 
the NRM. Wherever a substantial moment (~ 5% of . NRM) 
remain{d, the 
temper~es. 
5.13 to 5.15) 
specimens were then treated ~o higher 
~esults of thermal demagnetization (Figures 
-
show that a characteristic component is 
uncovered in the range 300-4500C. This is indicated in 
Figure 5.13 by a well-defined, stable end point and a 
straight-line decay to the origin on the orthogonal vector 
diagrams. In Figure 5.14, stable end- points are not as 
well defined, but the vector subtractions yield linear 
. 
high-temperature segments. In Specimen PC19-2, this 
segment misses the origin though it~terminatea close to the 
measurable limit of intensity. Therefore the subtracted 
vector between 300 'nd 450°C has been considered 
acceptable as the most stable component in this case also. 
The characteristic magnetization in Figures 5.13-5.14 
- - ·· 
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Fig. 5.13. Representative thermal demagnetization results 
for 2 St. George specinens from Port au Choix 
area that define stable end point magnetization. 
Closed (open) circles on the stereoplot are 
downward (up~ard) pointing directions. Open 
squares on the vector diagram are vector end 
point projections on a N-S vertical (V) plane 
and solid dots on the horizontal (H) plane. 
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is contained in a range between 15 and 45l of the total 
remanence. More frequent, however, was the isolation of a 
characteristic component' below 15\ of the total NRM. 
Figure 5.15 gives four typical examples of specimens where 
a characteristic component resided in as little as 4 to 8\, 
and in one case 25%, of the NRM. These specimens yielded a 
reasonably well-defined, stable end point at high 
temperatures. Because of the fact that the most stable 
component was carried by a very low proportion of the NRM, 
the vector plots become very erratic in the highest 
· temperature range, and are not shown for these specimens. 
The calcul~tion of a characteristic component is here based 
on the stable end point criterion. 
The magnetizations thus isolated from all the 
.. 
thermally demagnetized specimens that gave characteristic 
final directions are listed iri Table 5.5 and are plotted in 
. 
Figure 5.16. These directions were successfully isolated 
in 48 out of a total of 99 samples. The directional 
scatter as seen in Figure 5.16 is large: the inclinations 
range from shallow to intermediately steep.· The formation 
means with their radii of 95% confiderite, both before and 
after tilt correct~, are plotted in Figure 5.17 along 
with the corresponding mean directions for the Port au Port 
rocks for a comparison. The tilt-correction does not 
. ' 
appear to imprdve the grouping of Formation means, which is 
not unexpected because of the small between-site variations 
in dip and strike. However, the Formation means of'the 
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St. George Group in the two main sampling areas: (a) before 
tilt correction; (b) after tilt correction. Conventions as 
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TABLE 5.5 
'lliEPMAL DEMl\GNf:.""l'IZATION ~TS FI01 THE ST. CEJRQ: CRXJP,.. 
PORI' AU OiOIX AREA.. 
A 
Character is tic direction Stability 
Site Specimen In situ Tilt-corrected range \ ---
D I D I (O C) 
Isthnus Bay !:''ormation 
PC1 PC1~1 12.0 
- 3.3 12.3 - 6.8 3oo-500 (v.s.) 
PC1 PC3-A 28.0 - 5.5 28.5 - 7.9 ~.00-450 (v.s.) 
PC1 PC4-A 27.6 -21.0 29.4 -23.4 300-450 (v. s.) 
PC2 PC6-1 12.0 -24.0 13.7 -27.5 3()()-450 . (·v. s . ) 
EC2 PCB-A 356.0 -26.1 357.3 -30.4 300-400 ('(.a.) 
., 
.2 PC9-A 3.0 -14.3 3.9 -18.4 300-350 (ave.) 
PC2 PC lO-A 13.9 -19.7 15.3 -23.1 30Q-400 (v.a.) 
PC3 PCll-B 27.3 -a>.o 29.0 -22.4 300-450 (v~ PC3 PCl3-B 13.1 -26.3 15.0 -29.7 300-450 (a e.) .. 
• 
PC3 PC14-A 26.3 -26.2 28.6 -28.7 300-400 {ave.) 
PC3 PC15-2 24.6 -24.2 26.6 -26.8 300-450 {v.s.) 
I PC4 PC18-A 15.4 -29.0 17.7 -32.2 300-450 {v.a.) 
PC4 PC19-2 .5.2 -45.2 8.7 -49.0 300-450 {v.a.) 
PC4 PC20-A 34.8 -16.5 36.3 .;.18.3 300-450 (ave.) 
PC5 PC21-A 17.3 -23.7 19.1 -26.8 350-450 {ave.) 
PC5 PC25-B 11.6 -10.1 12.3 -13.6 400-450 (ave.) 
catoche Fonnation 
PC7 PC31-2 359.3 -48.(} 1/o -44.5 .350-450. {v.a.) 
\ .,. PC7 PC33-A 333.9 
-29.4 ' 336.5 -27.8 350-450 {ave.) 
PC7 PC35-A 349.7 -33.6 352.3 -30.8 350-400 {ave.) 
PC8 PC36-B 343.1 -45.7 347.4 -43.3 35(}-500 (v. s.) 
PC8 PC37-A 353.7 - 51.0 358~-47.9 . . 350-400 {ave. ) 
PC8 PC39-1 19.5 -43.7 21 .· -~~~ -39.2 350-450 {ave.) 
PCll PC51-A 340.4 -47.8 345. ' -45.6 350-450 {v.s.) 
PCll PC52-B -351.9 -37.9 354.9 -34.9 35<>-450 {ave.) 
PCll · PC53-A 3;9 -47.5 7.3 -43.7 . 350-450 {v.s.) 
PC:ll PC54-B 316.9 -49 . 2 322.7 -49.0 350-400 (ave.) 
PCll PC55-1 338.3 -51 .0 343.7 -49 .0 350-450 (ave.) 
FC12 PC 56-A 317.0 -21.8 319.0 -21 . 7 400-500 ( v.s.) 
FC13 PC62- B 358.8 -46 .0 2.3 -42.6 35(}-400 (v.s.) 
PC13 PC63-B 16.6 - 54.7 19.7 ">1150.3 350-450 (v .s.) 
FC14 PC68-B 1.8 -30.2 3.7 -26.6 300-450 (v.a.) 
PC14 PC7Q-A 39.0 -56.1 39.9 -51.1 300-400 (ave.) . 
- » 
" 
) 
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TABIE 5. 5 ( OONI' I D) \ 
Cllaracteristic di~ection Stability 
Site Specimen In situ 
---
1'il t-oorrect.ed r~e 
D I D ~ I (O C) 
.. 
_,....---· 
Aguathuna Fonnation 
PC19 
. I 
356.0 -34.5 o.o~ -26.3 350-450 · (ave.) · PC92-At 
PC19 PCCJJ-1 351.3 -52.7 o.o -44.8 350-400 (ave.) 
PC19 PC94-A 345.0 -38.9 351.2 -32.1 400-450 . ( v. s • ) 
PC19 PC95-1 22.1 -39.0 24.2 -28.5 350-450 (ave. ) . 
PC20 PC98-A 7.4 -44.9 12.1 -35.4 30Q-400 (ave.) 
PC20 . PC99-A 7.6 -36.9 11.1 -27.4 350-400 (ave. ) 
PC20 PC1()()-A w.o -33.5 20.1 -23.2 350-450 (v.s.) 
PC21 flC101-A 18.9 
-- :-48.1 22.3 .. -37.7 400-450 (v.s.) 
· PC21 PC102-A 5.8 -42.6 10.3 -33.2 400-450 (v.s.) 
PC21 PC103-A 2.5 -:36.2 6.5 -27.2 30Q-400 (ave.) 
I?C21 PC104-A 15.0 . -32.1 17 . 3 -22.0 , 350-400 (ave. ) 
PC22 PC106-2 17.5 -34.2 19.7 -24.0 400-450 (ave. ) 
PC~2 Jlt107-.\ 330.3 -63.1 347.4 ·-s7.7 300-450 (ave.) 
PC22 PCloo-A 15.0 -46.7 18.8 -36.6 300-400 (ave. ) 
PC22 PC109-A 22.3 -56.7 26.1 -46.1 300-450 (v.s.) 
PC22 PCllQ-1 7.2 -25.7 9.4 -16.3 300-450 (ave.) 
All 8}'1tixlls am explanations as .in Tables 3.1. aik:l 5.3 
... 
•' 
. .
"· 
. 
~ 
... 
TABlE 5.6 
MEAN P~GEI'IC DI\.TA AFI'ER 'rnERM1\L ~~IZATION OF 'mE/ST. <E:?RGE GRXJP, 
.. PORI' AU CliO IX ARFA, 
't 
, .. 
r::m Im k N a95 :X. p Pole PoSiticn 
Ist.hrrus Bay Formation, 17.0 -21.2 34 16 6.4 1.0.9 s 
16 sanples, in situ 
. 
Isthrtus Bay Formatioo, 18.6 -24.4 34 16 6.4 --12.7 s 24.5~, 102.a<>E 
16 samples, tilt- (dp, dm = 3.70, 6.90) 
_ -corrected \ 
I 
.. 351.2 cat.ocne Fornati<Xl_, _ _; 
-45.2 20 16 8.4 26.7 s 
16 sarrples, ,!!! situ 
Catoche Fonteticn, 355.1 -42.3 20 16 8.4 24.4 s l4.7<>N; 127 .30f: 
16 samples, tilt-
axrect.ed 
(dp, dm = 6.JO, 10.30) \ . 
.AguathWla Forne.ti~, 7.3 -42.3 34 :. 16 6.4 24.5 s 
16 samples, in sit:u ! 
Aguathuna Formation, 11.6 -32.8 34 16 6.4 17.9 s 20. 70N.. 110 .60E 
16 sanples, tilt- -. (dp, dm = 4.1o, 7.3o) 
corrected . 
..... 
..... 
20.5~, ll3.30f: 00 St. George GraJp 9.3 -33.5 19 48 4.8 18.3 s ~ 
(above three Formations (dp, dm = 3.1°, 5.50) 
oc:m*lined) , 48 sanples, 
til t-oorrect.ed 
'\ 
All syntlols as in Table 3. 3 ) 
' 
' . 
,. 
I 
I 
"-..., __ ) 
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1967) was appl,ied to exautiile the atatistical significance 
of the differences ip formation means. The test indicated 
.,, 
that the formation means ·are Sfgni ficantly different at 99\ 
level of con£ idence, both before and after ti 1 t correction,· 
statistical parameters. 
• 
The north pole positions are 
consistent with the presumed APWP for cratonic North 
. ~ 
America, and therefore these poles are taken to be of 
· normal polarity. 
Finally, certain aspects of the magnetization 
. behaviour 6£ some ~f the specimens not . yielding a 
.. , / .-
meaningful, ~e direction are discussed. FiClure 5. 18 
sh~o;•/ of demagnetizatioQ behaviour with temperature 
of six d(presentative specimens. Four of three (Specimens 
i 
. BH2A.- -RC$-.,-A, PC4l'-l and PC24-l) show systematic directional 
changes respectively to the west, northeast followed by 
j . 
southwest, southeast and northe,ast. A complete decay of 
intenai ty ,in these specimens probably precludes the 
completion of the observed directional trend. Three of 
_. ,...,... "r 
these 4 specimens (excluding PC41-l) come from the Isthmus 
Bay For~tion, where a characteristic componpnt with a 
. . 
ahallow negative inclination towards N to NE had been 
~ . 
'\ 
, 
<:· 
Fig. 5.18 
f 
.. 
j : 
I 
.. 
~· 
.... 
.. 
[ ·--·--. .,.. 
Thermal de~etizati'on results for 6 St. George speciMens from 
Port au Choix area, not always yielding a characteristtc direction. 
These results show the presence of unresolved superposed components 
(See text). Conventions as in Fig. 5.13 . 
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isolated from the specimen directions (Figure 5~ 16). The 
direction of Specimen PC24-l · shows a trend towards that 
goal, while in Specimen PC3-A a .shallow northeasterly end 
point -direction also is obtained by vector subtraction 
between 300 and 4~0°C. The- vector subtracted direction 
of Specimen PC3-A has been included for averaging in Figure 
5.16. 
The two other specimens, PC22-l and PC66-A, in Figure 
'"• 
5.18 show some stability in the range· 300-450°C, the 
stable direction.in the former case being steep downward 
towards NE, and that in the latter case being preceded by a 
swing towards N to NW. The apparently stable directions 
exhibited by these two specimens are · anomalous in the sense 
that they are very steep. One interpr~tation could be that 
these specimens have been completely remagnetized close to 
the recent geomagnetic field at the site. However, a 
closer examination of the demagnetization behaviour of 
other specimens in Figure 5.18 suggest that the steep, · but 
apparently stable directions in these two specimens could 
have resulted from, a multicomponent syst.em with overlapping 
stabili.ty -spectra, which sometimes may comprise normal and 
reverse components. Thls would partly explain why a lar~e 
proportion ( 50\) of specimens_, of the 99 St. George' Group 
samples from Port au Choix failed to yield consistent 
directions. 
.l 
' 
.. 
,. 123 
5.2.4 Magnetic mineralogy (Port au Choix rocks) 
An · IRM study was done on six samples (one specimen 
each) representing all the sampling localities. All the 
specimens showed a str6rig initial increase of the reJanence 
intensity in fields up to 0.1 Tesla. Above 0.1 T, the 
increase became very small and all but one specimen reached 
saturation magnetization in fields of about 0.2 T. 
corresponding IRM curves are very similar to the 
The 
"magnetite" curves of Figure 5.9 (type 1) and are not shown 
here. The only e~eption was a specimen in which, after a 
rapid initial increase in the remanence intensity up to o.i 
. 
T, a slight gradient was still< maintain'ed up to 0. 82 T. -
However, the back-field characteristics always yielded a 
single coercivity of remanence (Her> value of about 0.05 
T. All this suggests that while some of these rocks might 
. 
contain'a very small amount of hematite or goethite, 
magnetite is the only carrier of magnetization in a large 
majority of the samples. This conclusion is further 
reinforced by the limited AF demagnetization experiments 
...:. 
(Figure 5.12) where no high-coercivity components have been 
I 
recognized. The thermal demagnetization results (Figures 
. . 
5.13-5.15) also reveal low blocking temperature components, 
strongly indicating the presence of magnetite only. 
5.3 Discussion 
The •A" component isolated _in the rocks of Port au 
port area, which has been demonstrated to reside . in . 
. , 
\ 
- -· 
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magnetite, is interpreted to be the signature of an Early 
Ordovician geomagnetic field in western Newfoundland for 
the following reasons: 
( 1) The conodon"'t 
Port au Port area is 
( I 
any. reasonable length 
~lour alteration index (CAl) in the 
1 (Nowlan and Barnes, 1985). For 
'" of -burial time ( 108 yr.'), maximum 
burial temperatures of 50-600c are indicated (Epstein et 
al. 1977). On the assumption of a burial temperature of 
6.0°C, even a burial time as long as 300 mi 11 ion y~ars 
would not suffice to. reset the magnetization, blocked in 
the range 450~5oooc (Pullaiah et al., 1975). This 
suggests that the remanence is not a thermal 
remagnetization. 
(2) The pole position corresponding to the MA" 
component is nowhere near the reported Middle to Upper 
Paleozoic poles of cratonic North America, which makes any 
long-time chemical remagnetization of the magnetite 
remanence (Scotese et al., 1982~ Wisniowiecki et al., 1983: 
.McCabe et al., 1983, 1984) highly unlikely . 
( 3) The "A" pole is consistent with some published 
Cambro-Ordovician poles of cratonic North America (Chapter 
9). 
The Port au Choix rocks, on the other hand, give qaite 
a different result. A comparison with the Port au Port 
rocks (Tables 5. 4 - 5. 6: Figure 5. 1 7) indicates that the 
, normal polarity directions of the Port au Choix rocks 
' differ from the former mainly in declination, by -1400. 
. .., 
-
-· 
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One interpretation could be that there has been a relative 
tectonic rotation of about 40° between the P~rt au Port 
and Port au Choix areas since the rocks in "both areas 
acquired their magnetizatio~~ This interpretation would 
be valid only if it can be demonstrated that the 
magnetiza~ion of the Port au Choix rocks is primary. The 
thermal history of the Port au Choix rocks, however, 
1 favour~ a possible thermal remagnetization. The conodont 
/ 
-CAl values in the sampling area (between Table Point and 
Eddies Cove, Figure 2.1) are in the range 2 to 3.5 (Nowlan 
a~d Barnes, 1985), indicating a maximum burial temperature 
of 100-15ooc (Epsfein et al., 1977). Theoretical 
calculations of Pullaiah et al., ( 197 5) suggest that, while 
' a blocking temperature of 380°C or less would be reset if 
the rocks were heated to 1500C for 108 yr., a blocking~ 
temperature of 400°C or above should survive. On this~ 
premise it would seem that the Port au Choix rocks probably 
survived the thermal resetting of magnetization, as the 
blocking temperatures are in th~ range 400-45ooc (Table 
5.5). A recent study (Kent, 1985), · however, indicates that 
the thermoviscous remagnetization at moderately elevated 
burial temperaturtti could reset the 
4
magnetic grains blocked 
at much higher temperature than predicted by Pullaiah et 
al. (1975)· . If this is the case, it is quite probab,le that 
the stable remanence& carried by magnetite i~ the Port au 
\ Choiz rocks reflect a complete thermal overprint. 
Significant differences in the formatiop means are probably 
126 
indicative of a long time interval .in the remagnetization 
of the formations, or alternatively, of rapid polar 
wandering during the short times the rocks were being 
magnetized. 
It is WOfthwhile to speculate on an age of 
magnetization for the presumably secondary m~gnetization of 
Port au Choix rocks. In this respect it is noted that pole 
positions of the Port au Choix rocks are significantly 
displaced from the Kiaman poles (see Chapter 9 for 
., . 
comparison) and are of normal polarity. TherefQre (a 
Kiaman) remagnetization is ruled out. A post-Paleozoic age 
also is very unlikely, since one ~ould exp~ct 
characteristic Mesozoic and Cenozoic field directions 
relative to western Newfoundland to be much steeper than 
the observed directions. This leaves one to speculate on 
an age of magnetization anywhere between Middle Ordovician 
and Early Carboniferous. Middle Ordovician north poles 
qptained from this study (Chapter 6) are nowhere near~e 
three Port au Choix poles. A comparison with published 
poles shows these three poles to be close to Late 
Ordovician to Early Carboniferous poles from other parts of 
the North American craton. Of special relevance h~re are 
the recent results from Early Carboniferous rocks of 
western Newfoundland (Irving a~d Strong, 1984a: Murthy, 
1985) and a result from Late Devonian rocks (Irving and 
Strong, 1985) in eastern Newfoundland. The pole positions 
reported in the above studies fall near the same general 
] 
I 
\ 
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area as the three Port au Choix St. George poles. It is 
probable therefore that the poles from the Early Ordovician 
rqcka of the Port au Choix area represent the earth's 
magnetic field direct~on during or after the Acadian 
orogeny (Middle to Late Devonian). If so, then the tilt 
correct~on done in the paleomagnetic data may be 
questionable, i~ the deformation of beds is Acadian. Since 
the magnitude of tilt is very low (0-10°), the final 
result would not change significantly if the tilt 
correction, were not done. Moreover, since there is 
uncertainty in the age of deformation (Chapter 2), which 
could be later than the Acadian, the tilt-correqted 
directions have been preferred. •-
A pre-Devonian magnetization for the St. George Group 
of Port au Choix area is also a po~sibility, as some 
published Silurian poles .from the North American craton 
(e.g., French and Vander Voo, 1979: McCabe et al., 1985) 
'· 
ar~ close to the three Port au Choix poles (Table 5.6) of 
the present study. 
The "B" component isolated from the ' rocks of Port au 
Port Peninsula is interpreted to be a chemical remanent 
magnetization {CRM) residing in diagenetic hematite that 
was acquired probably during late Carboniferous to Early 
Permian ( Kiaman) times. .The pole position corresponding to 
the •a" component agrees very well with the Kiaman pole 
isolated from the Cambrian rocks (Chapter 3) and from 
Paleozoic rocks io other parts of the craton (e.g., Irving 
) 
( 
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and Irving, 1982: Irving and Strong, 1984af 1985: McCabe et 
al., 1984). Furthermore, it is. to be noted that the "B" 
component was isolated mostly from the lowermost part of 
the St. George Group (Isthmus Bay Formation). Rocks on the 
higher stratigraphic level are not pervasively 
overprinted. · 
The present results are further compared and discussed 
in relation to some other Ordovician arid Kiaman poles in { 
Chapter 9. 
_j 
' 
'· 
'· 
I 1 
., 
CHAPTER 6 
TABLE HEAD GROUP 
6.1 Geological Setting 
Rocks of the Middle Ordovidian Table Head Group are 
\ 
exposed at various localities in \ester~ Newfoundland, from 
----the Port au Port Peninsula in the south to Hare Bay in the 
north (Figure 2.1), as part of the autochthonous ' 
Cambrian-Ordovician platform of the northern Appalachians. 
This platform i• thought to have been subsiding at the time 
of sedimentation of the Table Head Group, when it ,received . 
. ' 
·- '· deeper water sediments (James and Stevens, 1982). The 
Table Head Group is therefore a critical sedimentary unit 
which probably documents completely the collapse of a 
continental margin ( Klappa et: al., 1980). o 
Based oh lithologic and f~unal differences, the Table 
Head Group has been subdivided into four Formationa by 
Klappa et al. (1980). From oldest to younge~t, these are: 
Table Point, Table Cove, Black Cove, and Cape Cormorant 
Formation.r(Figure 2.2). The following brief observation 
about the four Formations is due to Klappa et al. (1980). 
The Table Point Formation comprises bioturbated 
· maaaive grey limestones and interbedded limestone-dolostone 
units. This Formation is characterized by a heterogeneous 
.' " ! - ~-
package of shelf carbonates . . 
The Table Cove Formation is characterized by 
bioturbated, thin- to medium-bedded limestone of possible 
129 
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< 'i:. • 
' .. -:if~ " .. 
pelagic origin, and interbedded A~;l-ee.~ Deposi~ion of 
.... . 
sediments ·•comprising the Table Cove .t:"ormation is thou'ght to 
have occurred on the slopes of platform margin basins. ~ 
The Black Cove Formation ccsmprises black 
shale/mudstones at the type locality on Port au Port 
Peninsula. Its deposition 'took place in basins of 
,, 
restricted circulation by suspension settling of fin~ 
clastic material. 
The Cape Cormorant Formation consists of da~k 
calcareous shales, green siltstones and interbedded 
calcareous rocks. It contains one or -more well developed 
lime breccia-conglomerate beds, made up essentially of 
reworked shelf (Table Point) and upper slope (T~hle Cove) 
limestone clasts. The Cape Cormorant _Formation represents 
the last record ; of deposition bn the shelf before the onset 
" . .· 
of flysch deposits derived fro~ the east (Stevens, 1970). 
6·2 Paleomagnetic sampling and results 
For paleomagnetic investigations, Table Head rocks 
were hand sampled as follows: · In the Port au Port area·, 16 
samples from the Table Point Format.icsn , 12 from the Table 1J 
Cove . Formation and 27 from the Cape_ Cormorant Formation 
were taken, giving a total of 55 samples distributed at 14 . 
sites. In the Port au Choix area, 48 samples were 
collected from 10 sites, all from the _Table Point 
Formation. The sampling localities are shown in ftigu;~s 
2.3-2.4 and details are given in Appendix D. However, one 
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important distinction between the bedding attitudes of the 
different Forma tiona must be noted. Whereas the Table 
Point and Table Cove Formations are moderately dipping 
( ll-l60NW), the Cape Cormorant Formation d~ps much 
steeply (....., S0°NW). This variation in ~il t \a. 
......__~ ---
' 
different sites therefore provides an opportunity to test 
whether the stable magnetization is pre- or post-tilting. 
I 
Paleomagnetic results from the Port au Port and Port au 
Choix areae are described separately in the following 
Sections. 
6. 2. 1 Port au Port area 
Paleoma9netic measurements were carried out on 54 
...;.' . ,., 
samples (89 specimens) • ' All specimen NRM directions are 
' plotted in Figure 6.1. The NRM intensities ranged from 4 x 
lo-5 to 3 x 1o-3 A/m: however, intensities of the order 
of 1 to 3 x 1o-4 A/m were found to be the most common. 
Figure 6.1 shows that the NRM ve·ctors for Table Cove are 
better grouped than those of the other two , Formations. All 
Table Cove NRM directions and most of the Table Point and 
Cape Cormorant directions are significantly misaligned with 
--....... 
the present earth 1 a field, indic~'ting the presence of some 
ancient co;ponertt ( s) in th~ Table Cove specimens had 
the ·highest intensities ( 1 to 3 x lo-3 A/m). 
To isolate the stable components from the NRMs, one 
.  
specimen from each of the 14 si tea was first stepwise 
demagnetized by AF to a peak· field of 100 mT. Results for 
I 
'· 
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Fig. 6.1. N~ directions of Table Eead Group specinens, Fort au Port area. 
Equa~ area projection on the lower hernisphere. 
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0 
one repreae11tativ~ specimen each from the three F.ormations 
are depictest in Figure 6. 2, which shows that in all' cases 
the steep down NRM moves to a shallower southeasterly 
direction. Whereas in the case of specimen WB8-B the 
remanence direction stabilizes between 15 to 60 mT, the 
other two .,pecimens do not appear to exhibit any 
directional stability. The situation is worst in the case 
of specimen ML12-B, which . shows an erratic change in the 
direction and intensity as it is progressively 
demagnetized. AF demagnetization was therefore not pursued 
further. The detailed analysis is based on results fr.om 
thermal demagnetization only, described below. It should 
' I 
be noted, however, that the intensuy decay is almost 
complete in 60 . to 100 mT fields, which suggests the absence 
of high-coercivity grains carrying a remanence. 
One specimen from each of 28 samples of the Table 
Point and Table Cove FormatiQns was thermally demagnetized 
according to the schedule outlined in Appendix A. In the 
" . case . of the Cape Cormorant FormationJ the results of 
r 
thermal demagnetiza_tion were found to be scattered and 
quite frequently u'nstable.. Hence ~ · specimens, wherever 
possibie, from each of the Cape Cormorant samples were 
thermally treated for a total of 47 specimens (26 
sample•). Because of significantly different 
characteristic magneti~ations before tilt correction 
between the Cape Cormorant Formation on the one hand ~ 
the combined Table Point:. and Table Cove Formations /n th"'e'\_ 
/ 
1.0 
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c 
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~ 
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Fig. 6.2. Alternating field (AF) demagnetization results for 3 representative 
specimens of the Table Head Group, Port au Port area. Solid (open) 
circles denote downward (upward) directions on a ~7ulff net. Dashed 
outline indicates directions in the field range shown and has no 
statistical significance. Directions are without tilt correction. 1-' 
w 
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other, their results after thermal demagnetization are 
discussed in turn. 
' Figures 6. 3 - 6. 4 represent typical thermal 
demagneti~ation results for Table Point and Table Cove 
specimens . . It can be seen that a characteristic component 
with shallow positive "inclination along the southeast is 
isolated between the 300-450 or S00°C steps, beyond which 
• 
no consistent magnetization is observed. The erratic 
directional as well as intensity changes in Specimen AQ29-A 
may be caused by a spurious md~ent acquired by the specimeh 
after the stable component is unblocked at 4500C. A 
·aimila~explanation could be given for Specimens WBJ-1 and 
WBll-A whose intensities tend to increase, along witq 
er·ratic directional chanles beyo~d 4500C. The 
computation of characteristic directions in all but two of 
the Table Point and Table Cove specimens . is based on a 
vector subtraction {Table-6.1) between 3 or more end points 
defining a final linear segment directed to the origin on 
.. 
the Zijderveld diagram. However, in cases where a linear 
i 
trend to the~igin was not seen, the average of directions 
in the stable range was taken as the characteristi~ 
direction. An example is Specimen AQ23-A (Figure 6.3) 
where a stable end point is observed in tl}e ·range 
300-soooc, Qut the Zijderveld plot in the same range 
gives an arcuate pattern on the vertical projection plane. 
Of the 28 Table Point and Table Cove samples, 21 yielded 
tightly grouped remanence vectors with a mean in situ 
N 
0o~--._~2~0~0~~--~40~0~~~~~ 
TEMPERATURE (°C) 
AQ 29-A 
00~--~~2~o~o--~--4~o~o~~--~~-
TEMPERATURE (°C) 
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TABLE POINT FORMATION 
Up,E 
Up,E 
~--~--~~--~N 
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Fig. 6.3. Representative therMal demagnetization results 
from 2 Table Head Group specinens, Port au Port 
area. Conventions for the stereoplot are as 
in Fig. 6.2. On the orthogonal vector diagrams, 
open squares, ·;r'!ector end point projections on a 
N-S vertical (V) plane and solid dots, on the 
horizontal (H) plane. . 
Fig. 6.4. 
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Representative thernal demagnetization results 
for 2 Table Head Group specimens~ Port au Port 
area. Open squares on the vector diagrams are 
projections on an east-west vertical (V) plane. 
Other conv~ntions as in .Fig. 6.3. 
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0 0 direction of D = 153.6 , I= 28.6 ( n 95= 2.2 , k • 202, 
N = 21 samples). Assuming that the magnetizatfon preceded 
the Acadian (?) tilting, the tilt-corrected mean direction 
is D = 150.4°, I = 40.5° corresponding to a - reverse pole 
at ~3;6oN, 148.90E (Table 6.2). The characteristic 
directions of individual specimens are listed in Table 6.1 
and are plotted, in Figure 6.6 along with the Cape Cormorant 
characteristic directions. 
The demagnetization behaviour of two representative 
specimens from Cape Cormorant Formation, yielding a stable 
characteristic magnetization, is shown in Figure 6.5. In 
specimen MLll-8, after the removal of a dominant steep down 
component below 300°C, a stable component directed to the 
southeast with a shallow negative inclination is uncovered 
between 350° and 400°C. Ther.e is a sharp drop ·in 
intensity in the 350-4oooc range, after which it -starts 
increasing, and the directional change becomes large. The 
residual int'ensity at -4oooc is 'V 2 x 10-S A/m, wh~c:b is 
) 
·' 
low enough for the induction of spurious magnetizations to 
become significant. The corresponding Zijderveld diagram, 
though not good, does indicate a decay trend to the origin 
between 3500C and 400°C~ The characteristic direction 
" in this specimen (Table 6.1) is, however, ba~ed on the 
average of dir_e.ctions at the two temperatures. _ 
In Specimen ML24-2 (Figure 6.5) there is a sharp drop 
A 
in intensity between NRM and 3oooc, corresponding to the 
removal of a steep down component. The intensity then 
0.5 
CAPE COR.r10P..AN'I' F0P-.}1ATION 
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Fig. 6.5. Representative thernal demagnetization results 
£or 2 Table Head Group specimens, Port au Port 
area. Conventions are as in Fig. n.4. 
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. 
ri.J 
Fig. 6.6. Characteristic specimen directions after thermal dema9netization, 
from the Table Head Group, Port au Port area. Circles denote 
Table Point and Table Cove Formations, and triangl es the Cape 
Cormorant Formation. Solid (open) symbols represent downward 
(upward) directions. Equal area projection . 
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TABLE 6.1 
n-IERW\L -~EM1\GNf1l'J Y.TION RESULTS f'IOo1 'mE TABLE HEAD GOJP, 
- '- - --· PORI' AlJ PORI' AJW,A. 
Characteristic direction St:ability 
Site Specimen In situ Tilt-corrected range · 
---
D I D I (O C) 
Table Point Fonnation 
NJ5 AQ17-c 156.5 26.9 152.6 40.7 200-450 (v.a.) 
NJ5 AQ18-A 157.6 29.2 153.6 43.2 3()()-500 (v.a.) 
NJ5 AQ19-A 162.1 27.8 159.1 42.2 400-530 (v.a.) 
NJ5 NJ20-A 153~4 27.9 148.9 41.4 3()()-530 (v.a.) 
~ NJ21-B 165.6 22.8 163.8 37.5 300-500 (v.a.) 
~ NJ23-A 144.3 29.4 138.0 41.6 3()()-500 (ave.) 
A(j3 NJ29-A 142.1 32.6 134.6 44.3 300-500 (v.s.) 
PU3 AQ30-A 151.2 32.6 145 ~'3 45.8 4()()-530 (v.a.) 
~ .A032-1 159.2 31.1 155.2 45.2 200-500 (v.a.) 
Table Cove Fonnation 
WBl WB1-1 159.7 28.8 158.4 39.6 300-450 (v.a.) 
WBl WB2-A 154.6 V.9 152.7 38.5 3()()-500 (v.e.) 
WBl WB3-1 154.5 28.3 152.5 38.9 300-450 (v.a.) 
WB1 WB4-2 151.1 29.2 148.6 ~ 39.6 300-450 (v.a.) 
WB2 WBS-1 146.0 31.2 142.6 41.2 300-450 (v.a.) 
WB2 WB6-1 147.0 30.7 143.8 40.8 300-450 (v.a.) 
WB2 WB7-1 155.2 26.6 153.5 -37.2 350-450 (v.a.) 
WB2 WOO-A 152.3 26.5 150.2 37.0 300-450 (v.a.) 
WB3 WB9-A 155.1 27~7 153.2 38.3 200-450 ' (v.a.) 
WB3 "' WB1Q-B 155.5 25.3 153.8 36.0 300-500 (v.a.) 
WB3 WBll-A 151.1 25.1 149.0 35.5 3()()-500 (v.s.) 
WB3 WB12-B 148.9 30.9 145.9 41.1 300-450 (v.a.) 
Cape Cornorant Fonnation 
ML1 ML2-A 153 . 9 -10.3 150.5 46.0 300-400 (v.a.) 
MLl ML3-A 161.9 '-35.4 . 161.9 21.6 350-450 (ave. ) 
ML1 MI.A-C 139.7 -17.8 135.9 34.9 350-400 ·(ave.) 
ML2 ML6-B 125.8 -23.1 126.2 21.3 330-400 (ave.) 
ML2 ML6-c 151.6 -24.8 151.6 25.1 300-450 (ave.) 
Ccrrt>ined ..... 
6-B & 6-C 138.6 -24 . 5 138.7 23.7 
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TABLE 6.1 (CONT'D) 
Olaracteristic direction Stability 
Site 
'Specil1en In~ Til t-correctea range 
D I D I (O C) 
. . - cape Gol!nvrant Formation 
ML3 ML1Q-A* 354.6 28.0 352.9 -17.9 3()()-450 (ave.) 
ML3 ML1Q-C 133.1 -33.0 135.7 14 . 0 30Q-400 (ave.) 
ML3 ML11-B 149.4 -14.5 148.9 34.4 350-400 (v.s.) 
ML3 MLll-<: 158.2 .-35. 7 157.2 13.1 3()()-4()() (ave.) 
cart>ined ML 
u-s & u-c 153.4 -25.2 153.4 23.8 
MIA ML14-B 125.1 -16.6 123.8 23.0 3()()-350 (ave.) 
MIA ML14-C* 189.4 -19.5 189.0 17.9 3()()-4()() (ave.) 
ML5 K-17-1 132.8 -15.5 130.1 34.6 370-400 (v.s.) 
ML5 ML17-4 146.6 -13.5 146.3 38.5 400-450 (v.s.) 
Coti>ined ML 
... 
17-1 .& 17-4 139.7 -14.6 137.9 36.8 
. ML7 ML24-1 126.0 ' -42.4 130.7 6.0 300-400 (ave.) 
ML24-2 140.4 -42.0 141.3 7.9 300-400 .,<ave.) 
Canbined ML 
24-1 & 24-2 133.2 -42.4 136.0 7.0 
ML7 ML25-1 147.8 -39.9 147.0 10.0 300-400 (ave.) 
ML25-2 
COnbined ML 
151.3 ""U-28.5 150.9 21.2 4()()-450 (v.s.) 
25-1 & 25-2 149.7 -34.2 148.9 15.6 
ML7 ML27-1 125.2 ' -20.2 124.1 27.3 300-400 (ave.) 
ML7 ML27-2 123.5 ' -42.5 129.0 5.4 300-400 (ave.) 
Catt>ined ML 
27-1 & 27-2 124.5 -31.4 126.7 16.4 
' Specimens with * were excluded fran the final statistics. All syrrhols 
and expl.Anaticns as in Tables 3 .1 , 5.1, 5.3. 
. 
\ 
TABlE 6.2 
MEAN P~GNEI'IC DA.TA. FOCM THE TABlE HFAD GR:XJp I PORI' AU PORI' A.REA.. 
't;;] 
I:1n Im k · N ~5 • >. AntiJXlle p 
' 
.... 
Table Point Fonretioo1 154.8 29.1 118 9 4.8 
9 sairples 1 in situ t • 
~le Poirrt. Fonoatiool 150.3 42.8 117 9 4.8 
9 sanplesl tilt-
corrected 
Table Cove Formatiool 152.6 28.2 401 12 2.2 
12 sanpl~~ in situ 
Table Cove Fonretion1 150.4 38.7 402 12 2.2 
12 sarrplesl tilt-
corrected 
e Cape Conrorant 141.2 -26.4 30 ll 8.5 
Fonretioo, ll sarrples1 ~ 
in situ 
---
Cape Conrorant 140.6 24.3 27 11 8.9 1.2.7 s 19.5<>NI 162.10f: 
Formatioo1 11 sanp1es1 
. <dP~ ~ = 5.1°1 9.5°) .h 
" tilt~rrected 
...... Table Point am Table 150.4 40.5 184 21 2.3 23 .'1 s 13 .6~1 148.9DE 4 
. ""'· 
""' ; .. Cove Fox.ltioo 4 (dpl dm = L ?P1 2.SOJ 
<XDiliried, 21 aanples 
tilt~ect.ed 
' 
\ 
' 
.. 
'AB al:x:We, 5 ai t.es, 
tilt-oorrected 
Table Head Gro.lp, 
32 sanples, in situ 
Table Head Group,· 
32 aanplea, tilt-
oorrected 
Dm 
150.0 
149.3 
1.46. 7 
AU ~ls as in TabJ.e 3. 3 
~ 
TABLE 6.2 (CONT'D) 
1m" lt N ~5 \> 
40.7 . 394 5 3.9 23.3 s 
10.7 8 32 9.4 
35.1 38 32 4.1 '19.4 s 
·; .. 
~~ 
Anti poi~ 
13.4~. 149.~ 
(dp, an = 2.CJO, 4. 70) 
15.CJON, 1S3.6"E 
(dp, dm = 2.ao, 4.7o) 
... 
1-' 
""' U'l 
•  
.. 
146 
/ 
increases gradually on further heating to 400°C, during 
which the direction· remains stable along the southeaat wi~h 
intermediate upward inclination. This suggests the removal 
of a component antiparallel to the observed direction. On 
the Zi jderve ld diagram, ·the component being removed is not 
clearly indicated because of scatter and erratic changes in 
the observed direction. ·The average ·of the 30Q-400°C 
directions ha-s been accepted as the characteristic 
. , . I 
. I 
direction for this specimen. A sharp drop in the inte'hsit'y 
between 400 to 450°C corresponds to the removal of a 
vector whose direction is close to the characteristic 
direction. Only 19 specimens (ll samples) out of ' a total. 
of 47 specimens ( 26 samples; ·from the Cape Cormorant 
Formation yielded stable, characteri~tic directions (Table..,..-
6.1, Figure 6.6). 
A large majority of Cape Cormorant specimens displayed 
unstable behaviour and no consistent component could be 
identified in them. A detailed perusal of the 
demagnetization results suggests the presence of 
multicomponent remanence& wit.J'l ov-erlapping stability· 
spectra, making them diffri:cult to resolve. Figures 6. 7-6 .B 
depict the complex types of demagnetization behaviour 
exhibited by some representative specimens. Four specimens 
of Figure 6.7 yield different high-temperature directions 
which seem reasonably stable. It is to be noted that two 
specimens, MLlO-A and MLlO-C (Figure 6.7) f.r.om a single 
sampl.e, seem to give fairly stabl,e direc.tione which are 
t 
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\ MLIO-C 
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TEMPERATURE C-c) 
Thernal demagnetization results for 4 Cape 
Cormorant specimens showing the presence o f 
distinctly different stable directions. Widely 
divergent directions of specinen pairs (MLlO-A 
and MLlO-C) from a s·ingle sample show that 
the n~gnetization is not horrogeneous throughout 
the sample volume. Presence of both normal and 
reverse polarities may be inferred from different 
specimens. Conventions as in Fig. 6.2. 
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120-130 apart. The southeasterly stable direction in 
.. Specimen MLlO-:-C has a northwesterly trend at higher 
temperatures, possibly approaching the direction of the 
stable downward component observed in the second specimen, 
MLlO-A. 
A similar 'kind of behaviour is observed in Specimens 
ML13-A and ML14-C which in this case come from two 
different samples, but collected llt the same aite. The 
stable directions of Specimens ML.lO-A and ML14-C are nearly 
antlparallel. A second specimen, ML14-B, from the latter 
sample yielded a stable direction along the southeast 
(Table 6.1), comparable to Specimen MLlO-C. Specimens 
MLlO-A and ML14-C have been excluded from the final 
statistics because of their obvious large misalignment with 
the directions of the characteristic SE cluster. A sharp 
rise in intensity beyond 4500C in three of the specimens 
of Figure 6.7 might be due to mineralogical changes 
(production of secondary magnetite?) quite often observed 
when heating limestones (Lowrie and Heller, 1982). 
One inference one may draw from Figure 6.1 is that the 
magnetization of these rocks was acqui~ over a prolonged 
I 
time span durin~which the earth's f~ld might have 
/ . I 
reversed ita po1arity--4nd.~s ~lso changed its 
; - . "' 
direction relative to the sampling area. The occurrence of 
widely different stable directions in the speciaens-"of a 
'> 
single block sample and in two different·specimens from the 
same site suggests tha~ the rcc'ks are not homogeneoualy 
149 
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Fig. 6. 8. Thermal demagnetization results of specinen 
pairs (l.h.s. and r.h.s.) fron 2 Cape Cormorant 
samples, showing the presence of superposed 
corr..ponents of opposite polarity in individual 
specimens. Conventions as in Fig. 6.2. 
magnetized and might carry aup~rimposed components that 
have remained unresolved. This obs~ivation is further 
supported by the demagnetization results of another four 
specimens from two samples (Fig. 6". 8). The steep down NRM 
vec~ors in both Specimens ML23-B and ML23-C move to 
shallower directions by Joooc in the SE quadrant. In the 
case of ML23-B, a stable direction with shallow positive 
inclination along the southeast appears to be isolated in 
the temperature range 330-37ooc • . However, the intensity 
remains-almost constant in this range. In the companion 
fpecimen (ML2~-C), a large steep down component is erased 
below 2QObc. The direction then switches to a negative 
inclination in the southeast quadrant, showing a trend 
roughly to the northwest, but stability is not attained. 
The abrupt intensity decrease to 2oooc is followed by a 
gentle increase in the range 200-4000C, during which · the 
vector moves to a steeper direction with negative 
inclination. It seems quite probable, therefore, that 
Specimens ML23-B & C each might carry superimposed but 
.unresolved normal and reverse cemponents that are being 
removed simultaneously. In the case of Specimen ML23-C, 
·the southeasterly (reverse?) component seems to be erased 
at a higher rate than the hidden (normal?) component, 
whereas in Specl~en ML23-B, the removal of the two 
""-, 
components may be n~arly at the same rate. A similar 
behaviour is exhibit~d by the specimen pair ML7-2 and ML7-3 
in Figure 6.8. ( 
' 
-
~- -
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The strong indication of superimposed components in 
the •pecimens of the Cape Cormorant Formation, as discussed 
above, . probably explains why a majority of the specimens 
failed to · yield stable magnetizations, unlike those of the 
Table Point and Table Cove Formations. The larger scatter 
of the Cape Cormorant directions (Figure 6,6) may be due, 
in part, to the imperfect resolution of superimposed 
components • . However, th~ Cape Cormorant characteristic 
directions suggest a significant southeasterly component 
with shallow up inclination, despite a relatively larg_e 
scatter. The in situ mean based on 11 samples ( 17 
specimens, Tables 6.1-6.2) yielding a characteristic 
--
component is D ~ 141~2~i I ; -27.60 
= 3Q). Thi~mean direction is far removed from the in situ 
mean of the Table Point and Table Cove Formations. 
However, after correction for geologica 1 tilt', the · mean 
direction for Cape Cormorant becomes D = 140.60, I = 
24.3°, ( ags= 8.9°, k = 27). The small chan~es in 
0 95 and k are due to small differences in tilt at various 
sites and are not significant. The tilt correction brings 
\'""" 
. the Cape Cormor.ant directi~ns muc~' ~s~r to those ~ the 
Table Point and Table Cove Formations (Figure 6 .. 6). 
mean direction of the Table Head Group (all three 
Formations) before tilt correction is D = 149.30, I = 10.70 
(Ogs • 9.4°, 1t .. 8, N ~ 32 samples). After tilt 
correction, the mean direction is D = 146.70, I = 35.10 
( 0 gs • 4.1°, 1t • 38, N • 32 samples). A substantial 
-· 
\ 
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improvement in the statistical parameter• after tilt-
correction indicates that the magnetization of the Table 
Head Group was acquired prior to the tilting of the strata, 
•probably during the Acadian orogeny (Chapter 2). However, 
' . 
the significance of this structural correction could not be 
~dequately tested (e.g., F-test) because of the large 
differences in sample variance between the three 
Format,ions. These results are further discussed in Section 
6. 4. . J 
6.2.2 Port au Choix area 
Paleomagnetic measurements were done on 53 specimens, 
choosing at least one from each of the 48 oamples collected 
f~om the Port au Choix area. The NRM dir.ectiona are 
plotted in Figure 6.9 and are seen to be steep and tightly 
( J 
~ grouped. The NRM intensities are of the order of lo-3 to 
10-4 A/ 
"'· 
Five specimens, ea9~ from a different site, 
were AF demagnetiz@d• This treatment (results not shown) 
failed to deflect the steep down NRM significantly, 
although the intensity decayed smoothly toabout l-2l by 
the 80 mT .step. This indicates the inabili tyc;f the AF 
treatment to isolate any characteristic component(&), but 
at the sa~e time gives valuable information showing the 
absence of higher coercivity grains carrying a remanence. 
Thermal demagnetization was carr1ed out on 48 
specimens, one from each of the 48 samples. Results of 
thermal demagnetization for two speci•ena are represented 
153 
-3o• 
-so• • 
• • ~ 
.. ,,,. 
·~ . . .. 
·: .. 
• 
• • • 
/ 
I 
.. I 
" 
" 
\ 
\ 
Fig. ~6.9. N~ sample directions for Table Head Group, 
Port au Choix area. Equal area projecti on 
on the lower henisphere. 
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in Figure 6.10. In Specimen PC122-A the steep down NRM 
moves to a very shallow, almost horizontal southeast 
direction with a linear decay to the origin at high 
temperatures on the Zijderveld diagram. Specimen PC127-l 
~hows the same trend, except that the stable direction is 
intermediately steep. Stable southeast end-point 
directions were obtained from a number of specimens (Table 
.. - - ~. 3), but these directions are smeared in inclinations 
"'-.. .. 
whicn. range from +loo to +80°. In all these cases the 
- , ....__ " 
intensity decay was complete and the stable component was 
... 
contained in the last 10-20% of the total NRM. 
Figure 6.11 shows other examples of demagnetization 
behaviour exhibited by quite a few specimens. The four 
specimens of this figure display quite different trends 
compared to those in Figure 6.10. Specimens PC74-~ and 
PC82-l each lose 95% of their total intensity by the 
3000c step, changing from the steep down NRM direction to 
a northerly direction with a negative inclination. The 
final directions are intermediately steep. Because the ' 
intensities of these specimens are completely lost by 
4Sooc, with directions becom~ng random in some cases at 
the highest temperature treated {e.g. PC74-2 at 450°C), 
it is assumed that the terminal direction in a specimen 
exhibiting a systematic directional change represent a kind 
of stable end point. However, unless the directions at the 
two highest temperatures (generally 4000 and 4S00C) 
~ere qlosely spaced, they were not accepted as stable . ' 
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Fig. 6.10. Representative thermal demagnetization results 
for 2 Table H~ad specinens from Port au Choix 
area, yielding a shallow to steep southeast 
component. Conventions for stereoplots are 
as in Fig. 6.2 and for orthogonal vector 
diagrams as in Fig. 6~3. 
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Fig. 6.11. Representative thermal demasnetization results 
for 4 Table Eead speciMens from Fort au Choix 
area, yielding a northerly upward directions 
(top) and intermediate to steeply inclined 
down directions (bottom) . Conventions as in 
Fig. 6_.2. 
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directions. Thue in the case o~ Specimen PC82-l, the 
average of the .4ooo ·and 450°C directions and in PC74-2, 
the aver~ge of the_350° and 4oooc directions, was taken 
as the stable component. A similar acceptability criterion 
and similar ~veraging was applied to specimens PC139-l and 
PC143-A, though the remanence vectors of these specimens 
---~re seen to move in different directions, .that/is towards 
northeast and southeast, respectively. 
Stable dir.ections were thus isolated from 35 samples 
(Table 6.3 and Figure 6.12). A very large smear in these 
direc~ione . ~long a roughly ~N-S axis makes any statistical 
analysis difficult. Nine samples yielding N to NE 
~ directions. with negative inclinations form a distinctive 
•' cluster and might represent a chara~teristic component for 
the Table Point Formation of the Port au Choix area. These 
samples had ' all been collected from the limestone strata of 
the Table Point area (Figure 2.4). · The underlying 
dolostone strata of the Aguathuna Formation (St. ~orge 
Group) in the same locality yielded similar directions 
(Chapter 5). This suggests either that the ages of 
magnetization of the two Formations are similar, or that ~o 
significant polar wander occurred during the time they 
became magnettzed. Apart from this, no other 
charaeterietic component seems to be identified from the 
direction• in Figure 6.12, though the presence of as to SE 
component h strongly indiqted. Most of these directions 
came fro. eamplee of the Black Point area (Figure 2.4). 
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Fig. 6.12. Characteristic sample directions from the 
Table Head Group, Port au Choix area. 
Solid (open) circles are equa t are a projections 
on lower (upper) hemisphere. 
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Unstable thermal demagnetization behaviour 
of 3 Table Head specimens from Port au 
Choix area, showing a NE-SW axis of magneti-
zation. Conventions as in Fig. 6.2. 
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Though the presence of a paleomagnetic axis directed 
roughly N-S is _clearly highlighted in Figure 6.12, a ' humber 
of specimens revealed----a NE-SW axis of magnetiz-ntion vithout 
''·.-/" 
showing any stability . Figure 6.13 shows three examples 
.. of such unstable beha.V~\)ur. An increase in intensity 
- - . / ..... -
beyond 350°C in all 3 st)ecimens is probably caused by the 
acquisition of some spurious moment after the intensity is ( 
' . ' 
reduced to a very low value, or alternat~ely, by a \ ~ · \ 
chemical change in the limestones beyond ~pe~atu;~, 
On the basis of the results discussed above, it seems 
most · likely that the large dispersion of ~table directions 
evident in Figure 6.12 is caused by the presence of two or 
more superimposed components whfch could not ~e perfectly 
resolved. Most of the steep directions shawn in _Figure 
_,.- · ~ 6.12 cmrl-6 possibly have resulted from the simulta~eous 
';~~a two-component (normal and-reverse) 
magnetization in the specimen concerned. 
_, 
6. 3 Magnetic mineralogy 
IRM studies on 8 representative samples from both the 
Port au Port and Port au Choix areas reveal the presence o~ 
excluaively magnetites in the rQc s -of . the Table Head 
Group. All the IRM curves ~re s 
Por,au Port and St. George: Groups 
type 1 of . the 
discussed in 
\ 
Chapters 3 and 5. Therefore the IRM results are not shown 
here. The thermal ·and limited AF demagnetizatiQn results, 
a• cUacuaaed in Sections i. 2. 1 a~c! 
I 
'· I 
"v 
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I 
magnetite is the remanence 
·' 
J 
the li'able H.-ad Group. 
. / 1/ 
/ 
' 6.4 Discussion // 
-----
/ 
A pre-tilting magnetization has been isoiated 
' I 
from the 
Table Head Group in the Port\~,~-t.,~ area. The 
magnetite-bearing remanence _cannot be a thermal overprint 
because of a' low conodont CA'I ( =- 1) in the area (Chapters J 
and 5). . It is likely that the magnetite grains were 
aligned parallel to the ambient geomagnetic field during or 
. ' 
shortly :after deposition and early diagenesis of these 
rocks. The pole position corresponding to this 
magnetization therefore m~st probably represents a 
mid-Ordovician paleofield. This pole is plotted along.with 
the oth~{)rdovician poles in Figure 9 .1. :It' is seen from 
/ 
tnis plot that the Table Head pole is very close to the 
Lower Qrdoyician St. George pole for Port au Port. This 
indicates that there wa~ probably no signifLcant apparent 
polar wandering during Lower· to mid-Ordovician times. · It 
is also important to note that no ·Kiaman overprints were 
found in the Taple Head samples. 
I 
It seems that the oxidizing conditions rela~ed to the 
formation of diagenetic hematite (which carries Kiaman 
overprints in "the Port au Port and St. George Groups) -did 
not pr~vai_l in the case . of the Table Head Group~ It is 
noteworthy _that hem-tization is pervasive in the ·Late 
Cambrian rc>c"ks (Petit Jardin Formation), but higher up · in 
• 
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the stratigraphic sequence it progressively becomes less 
· pervaaive until the Table Head Group where no evidence of 
hematite ia found, leaving them unaffected by Late 
Paleozoic overprinting. 
The Table Head rocks in the Port au Choix area mostly 
-show multicomponenta which could not be resolved by 
demagnetization techniques. Therefore no meaningful result 
could be obtained from them. 
\ 
( 
~ 
'• 
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CHAPTER 7. 
THE LONG POINT GROUP 
7.1 Geological Setting 
, Th~ late Middle Ordovician Long Point Group is exposed 
along the southeast shore of the Long Point, forming the 
northeast extension . of Port au Port Peninsula (Figure 
2.3). It has been divided into two Formations (Bergstro~ 
et al., 1974): the Lourdes Limestone and the Winterhouae 
I 
Formation (Figure 2.2). The Long Point Group overlies t~e 
~umber Arm Supergroup unconformably at West Bay (Rodgers, 
1965), but it lies on the autochthon conformably (Stevens, 
1970~ near .Mainland (Localities WB and ML respectively in 
Figure 2. 3) . Rocks of this Group are comprised of 
shallow-water siliciclastic and carbonate sedi~ents 
interbedded with shales and red bed~ near the top. Fossil 
e~idence suggests an early Caradocian age f9r the Lourdes 
• 
Limestone (Fahraeus, 1973: Bergstrom et al., 1974). These 
authors point out that the ag'e of Lourdes Limestone is 
critical, as it defines the upper time · limit of emplacement 
of the Humber Arm allochthon. 
7.2 Paleomagnetic sampling and results 
To investigate these rocks paleomagnetically, 17 
samples were collected at 4 sites from the-Lourdes 
Limestone (Figures 2.2, 2.3). , The stnta in ' the sampling 
area are dipping,...., 40o to the NW. Thirty-five specimens 
164 
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from the 17 samples were investigated . The NRMs of all 
these speci~ens . were found to be steeply down~ard-directed, 
suggesting the presence of a recent component. Four 
_ sp•,?_imens, one from each site, were AF demagnetized in 
detail according to th~ schedule ~escribed in Appendix A. 
! 
The AF results showed unstable magnetic behaviour upon 
demagnetization. Both the direction and the intensity of 
magnetization changed erratically at each succes~ive 
.>-
_demagnetization step. No definite trend in the directional 
. . 
migration was noticeable and therefore the results are not 
shown here. The intensity, however, was reduced to 15-20% 
of the NRM in all 4 specimens. 
Thermal demagnetization was carried out on 31 
-
specimens representing all 17 samples. As in the AF ) 
treatment the _magnetization was observed to be of unsta6le 
character in a large majority of specimens. However, there 
was a definite dire~tional trend with increasing 
temperature in the case of most specimens. Unlike the 
!Aa.--P'CJ!'fiil~rnrrli-· (Chapters 3, 5-·6) of the Port au Port 
Peninsula, where the directions moved to the southeast at 
high temperatures, the directi~nal_ c.bange in ..moat of the 
- . f 
Long ' Point specimens showed aN to NW trend upon thermal 
demagnetization. In none of these specimens did a 
stability of direction seem to be well established. More 
often, the directional change was associated with erratic 
changes in the intensity, and almost all the specimens 
showed evidence· of chemical ~hangea after. heati ng to 
, -
1 
, 
"- · 
I. 
N 
8015-3 
NRM: 2.5 x 164 Aim 
NRM= 2.8 x 10"4 A/m 
00~--~~200~--~-4~00~--.__ 
TEMPERATURE (•C) 
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N 
1.5 
NRM = 1.5 x 164 Aim 
o~--~~200~----~-400~~~---
~N 
0.5 
0
o 200 400 
TEMPERATURE (•C) 
Fig. 7. 1. Representative thermal demagnetizat~on results 
for 4 Long Point specimeps yielding a north-
westerly direction (top) and a steep down 
direction (bottom) . Solid (open) circles 
denote down (up) directions without tilt 
correction. Tr7ulff net. 
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400°C or beyond, indicated by a sharp rise in the n:mtanent 
intensity. 0 
Figure 7.1 represents the thermal demagnetization 
results of some spec~mens which seem to show stability of 
magnetization. The steep down NRMs of Specimens 8013-A and 
BDlS-3 in this figure move to a shallower direction along 
th~.....northwest which is stable for 4 consecutive 
• demagnetization steps. The intensity, however, either 
changes erratically (Specimen BDlS-3) or shows no 
significant red1;1ction (Specimen 8013-A) ov.er the-' stable 
range of directi'ons. In both of these specimens, a large 
proportion of intensity remains before the onset of 
_,-
chemical changes when the1 directions become random. The . 
bottom diagrama ' of Figure 7.1 (Specimens BD3-4 and 805-2) 
shows a stable direction, almost vertically downward. 
Again, there is evidence of erratic changes in the 
intensity and of chemical change beyond 4500C. Such 
steep and stable directions were obtained in other 
formations also and have been dis~us~ed at length in the 
• preceding chapters. The northwesterly and. _shallow 
\ / 
directions whose stability eeem§. -questionable, were 
obtained from only 10 specimens .(6 samples) and are listed 
l 
in Table 7.1' and are plotted in tigure 1.2. The scattered 
nature of these directions indicates that the 
characteristic components have not been well resolved in 
these specimens. A persistent tendency of these 
directions, however,· to cluster in a northwesterly shallow 
.. 
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Fig. 7.2. · Characteristic specinen directions, after thermal deBegnetizat ion 
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TABlE 7.1 
'1\IElK\L ~IZAT;ION R&SULTS .FR:M 'IRE U>tl:i POINI' GRaJP I 
PORJ:' AU PORI' AREA. . 
Characteristic direction S~ility 
Sita Specimen In situ Tilt-corrected . raR3e 
---
-
D I D I (0 C) 
801 801-B 348.1 21.9 345.6 -10.6 3oo-350 (v.s.) 
-
- 801 - 801-0 325;0 - 9.7 332.3 -47.8 3()()-370 (v.s.) 
cart>ined 801-B 
& 1-D 336.2 6.2 340.2 -29.4 
802 
.. 
BD6-D 22.6 27.9 10.9 9.3 3'00-370 (ave.) 
BD4 8013-A 339.8 25.5 337.5 - 9.3 . 300-400 (ave.) 
BD4 . 8013-D 344.7 49.9 333.9 15.2 300-400 (ave.) 
Catbined8013-A 
& 13-D 342.2 37.7 336.0 3 .0 
BD4 8014-A 337.7 40.0 332.0 4.3 300-400 (ave.) 
BD4 8015-1 327.1 24.1 326.3 -13.0 300-400 (ave.) 
BD4 8015-3 337.3 11.9 338.9 -23.0 300-400 {ave.) 
cart>ined 8015-1- . 
& 15-3 332.1 18.1 332.4 · - 18.1 
BD4 8017-B 352.6 18.3 351.3 -12.1 350-100 (ave.) 
BD4 11)17-c 358.6 33.2 350.1 3.7 3()()-370 (ave.) 
carmnea 8017-a 
& 17-c 355.4 25.8 350.7 - 4.2 
In situ . Ti lt-ex>rrected 
t -overall mearu ~ • 347.3, Im ~ 27.0 Om= 343.7, Im = -5.9 . <lg5- 11.e; k = 15, ag5 = 17.9, k = 15.o, 
N • 6 sanples N = 6 sanp1es 
. ~ 
tvrESa All synix>ls ~ explanations as in Tables 3 . 1-3. 3. 
--
-
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'~ direct~on is clearly evident. The in situ mean of ·6 
samples is Dm,. 347.30, Im,. 21.00 ( a 9 5 • 17.8°, 
k = 15) which after · a geological tilt correction becomes 
QR\ =:.343.7°, Im~ -5.9°, ( ~95,. 17.9o, ·k • 
15). This tilt corrected me~n direction comparee well with 
the mean direction ( D = 331.1°, I = -13.7°, (l95· • 
8.4°, k = 30, N • 11 sites) from the uppermost member of 
the Long Point Group (Murthy, 1983). However, since the 
present result is based on on~ six samples with doubtful 
stability, no pole position is quoted for the Long Point 
Group. The importance of the present investigation is 
emphasiz_ed in the discussion below. 
IRM studies were done on two specimens, each from a 
different site~ the results (figure not shown), · indicated 
the presence of magnetit~exclusively in these rocks. The 
thermal and AF demagnetization results ~lao do not show any 
evidence - ~£ the presence of high coercivity or high 
blocking temperature components. Thus it can be concluded 
that the remanence carriers in the Long Point Group are 
magnetite ~nly. 
7.3 Discussion 
It would not be statistically 
paleofield in which the Long Point 
~ 
meaningful to( aaaign a 
Group of rock~ acquired 
·a) 
magnetization. HoWever, baaed ·on the results from a 
t'imited number of samples it seems t~ be well eatabliahed 
that the Lourdes Limestone of the Long Point Group acquired 
• 
• 
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ita' magnetization in a field which was of~ opposite polarity 
to that of the field in which the older rocks of the Port 
au Port Peninsula became magnetized. It was shown in the 
preceding chapters that a charac~eristic southeasterly 
direction is . present in each of the Middle Cambrian to 
Middle Ordovician · Forma tiona on th·e Port au Port Peninsula 
that were measured. It was also noted that a number of 
specimens in those earlier Formations showed a northerly 
trend of directional migrat.ion at higher temperatures. 
This nort~erly trend was exhibited by a number of specimens 
which either did not show any stable direction (e.g.,Port 
au Port Group), or more often, yielded a stable 
southeasterly component (St. George and Table Head Groups) 
before showing a northerly trend. This normal polarity 
trend waa more pronounced in t~Cape Cormorant Formation 
(uppermost Table. Head Group). It was noted that in the 
" 
Cape Cormorant samples (Chapter 6), overlapping norma~ and 
• , I 
reverse components were probably responsible for the 
unstable magnetic behaviour of moat of the specimens. One 
Cape Cormorant specimen was found to give ~ stable 
~or~herly direction (Se~ Figure 6.7) widely divergent from 
others. All these observations point to .the e~istence of a 
polarity reversal during the time span represented by the 
Cap~ Cormorant Formation of the Table Head Group and the 
Lourdes Limestone of the Long Point Group. 
It should also be noted here that, as in the case of 
the Table Head Group, Kiaman overprinting waa absent in the 
.. 
. \ 
,/'. 
· ·~ 
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Long Point Group. Thus Kiaman overprintin9 aeema to have 
affected the Port au port strata selectively, being 
confined to Upper Cam!frian to LoweE" 054ev1ai.aft l"'Oclts, 
whereas the Middle 'ordovician rocks e~caped its effects . 
.. 
,. 
( 
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. CHAPTER 8 
COW HEAD ~O~P 
( . 
8 . 1 Geological sett~ng 
.. 
The Cow Head Group is a sequence of interbedded strata 
comprising thinly bedded limestones (rvS-30 em), thinly 
bedded shales, carbonate conglomerates and breccias, and 
carb,onate megabreccias (James, 1981) • . These rocks . 
represent essentially continuous deposition in deep ..,ater 
over a period of some 70 million years ranging in age from 
-· Middle Cambrian to Middle Ordovician (Kindle and 
Whittingto~, 1958~ Hubert et al., 1977~ Fahraeus and 
Nowlan, 1978). 
. 
The Cow Head Group was deposited near the base of the 
Lower Paleozoic continental s ,'lope of North America as a 
series of S!Jbmarine gravity flows that moved from the outer 
shelf and upper continental slope into an area of active 
deposition (Stevens, 1970~ Williams and Stevens, 1974). 
'rhis rock sequence is presently regarded as allochthonous'· 
having been transported from some area east of its present 
location. The westward thrust from the original site too'k 
place during the Taconic orogeny in the Middle Ordovician, 
and the strata now struCturally overlie the autochthonous 
sediments of the St. George and Table Head Groups. 
However, ~here remains the possibility that the Cow Head 
_(.• 
sequence is more or l'ess in place, because the basal 
contact is not seen anywhere and no melan9e zone has 
., 
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., 
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been noted in close proximity (Nowlan, 1974). 
The following general observation about these rocks is 
mainly based on the classic study of Kindle and Whittington 
( 1958) and by other investigators mentioned above. The 
breccia beds are composed of both deep-water slope 
limestone clasts and shallow water boulders and range in 
thickness from 0 .'3 m to more than 60 m. Flat angular 
pebbles and slabs are similar in composition to the 
surrounding thi:n-bedded ~ope limestones and comprise the 
majority of clasts in the breccias. ~1oderately rounded 
limestone boulders are of shallow water origin, probably 
derived ·from the shelf-edge (R. K. Stevens, personal 
.·• 
communication). Fossil studies in the interbedded shales 
and limestones have shown that with some exceptions, "the 
boulders of ~ny conglomerate are approximately of the same 
age as the immediately under lying strata" (Kindle and 
Whittington,;l958). The Cow Head str~ta were deformed. 
ei:her. during the Taconic~ the Acadian orogeny. An 
Acadian deformation, however, seems to be more likely (R.K. 
Stevens, personal communication). 
The Ordov.i-cian strata· .. ·of ' the Cow H~ad Group in Cow 
HC:ad Peninsula (Figure B .1) -were chosen for paleomagnetic 
;investigations in preference to the Cambrian strata as the 
former offered. the opportuni.ty for making a fold test. The 
-
objective was to isolate a characteristic magnetization and 
see if the upper age-limit of magnetization c~n be 
constrained. 
' · 
• 
I 
.. 
~· 
' 
("1 
./ 
• 
J 
I' 
.. 
-;.··:-= ... ' 
• 
Fig. 8.1. Geologic map of the Co~ Head Peninsula (after James and Stevens, '198~). 
Bed numbers shown were sampled for the present study and are numbered 
as in the original paper. Beds 1-10 are not marked in the figure . 
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The rocks in the et~dy area are folded into a broad 
syncl,ine, the axis of which strikes 2080 and is plunging 
.. 
southwest. A calculation based on the strike and dip 
measurements on the bedded rocks adjacent to -the sync 1 i ne 
(Middle Ordovician Bed No. LJ, Figure .8.i) yielded a 
magnitude of 30.5° for the plunge (Figure 8.2 and 
Appendix F). However, another ca~culation of plunge, based 
on measurements-on the Lower Ordovician Bed No. 11, 
\ 
indicates a more southerly strike and a lowe£- mag.nitude ("'V 
20°) for the plunge. This discrepancy arises because of 
the ·change io the nature o( the fold, which chang/a from 
syncline to anticline as one moves farther east from the 
syncline axis. As the fold becomes increasingly 
non-cylindrical to~the east it is not possible~o 
unequivocally_zestore the st~ata to their original 
. \ . 
horizontal. pos~ tion (T·. Calon, personal communication). 
However, despite this complexity of the overall str~cture, 
Beds 13 and 14 (Figure 8.1), which are next to the syncline 
axis, can b~ restored to the paleohorizontal. Theref~re, 
the folded rocks of Bed 13 are suitable for carrying out a 
fold test (Graham, 1949). In addition, the breccia bed 
' 
(No. 14) lends itself to a conglomerate test (Graham, 
• 
1949). · With these objectives, oriented hand samples were 
collected from both limbs of th~ syncline. The two limbs 
~ie on either side of Deep Cove (Figure 8.1). Only the 
samples from Beds 13 and 14 were studted, becaue~ of the 
above-mentioned structural complexities affecting the older 
•r 
Fig. 8.2. 
s 
(a) 
N 
On situ) 
N 
(corrected) 
~ 
(b) 
(corrected) 
Bedding correction for the plunging fold: (a) In situ orientation 
of bedding planes shown by great circles in stereographic projection; 
f-1 
....J 
00 
(b) Mean in situ and plunge-corrected bedding orientation for the two 
limbs of the syncline. See Appendix F for details of the reconstruction. 
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strata. These beds are b~lieved to have formed during the 
majo,r hiatus that separates Lower and Middie Ordovician 
strata on the North American craton (Sloss, 196.3). 
8.2 Paleomagnetic sampling and results 
Ten samples frGm 2 sites en the eastern limb' and 15 
samples from 3 sites on the western limb of the syncline 
were collected from Bed 13. The t?tal stratigraphic 
thickness covered by these iamples is lr8 min the eastern 
limb and 2 m in the western 'limb. Forty samples, 
comprising 20 from each of the eastern and western limbs 
were collected from Breccia Bed 14, which is the youngest 
' 
in the Cow Head Peninsula. Thus a total of 65 samples - 25 
•-----~-------£-~-()~_no_n-concj~om~r::atic bedded rocks and 40 from •blocks in 
.. 
' · the conglomerates .. - were collected for pale6magnetic 
studies. 
The NRM directions of the samples were found to be 
steep with positive inclination. The intensity was in the 
range 1 x lo-4 to 2 x ro-3 A/m. AF demagnetization of 
two samples, _one from each limb of the syncline (results 
not shown), showed the presence of only one .. _ component, 
. - ·----
directed s~eep down. This component was foun<;l to -be very 
. ·__. ... 
stable. The intensity fell smoothly to a low value at 
increasing fields, while the directions ·did not chanqe 
' significantly from the NRM. The remanent. intensity at 100 
mT was 2-4% of NRM. Th~s suggests that the remanence is 
carried dominantly by · low-coercivity grains, probably / , 
-
/ 
' > '/ \ ./ 
...---
Fig. 8.3. 
- · -. -- -
I 
.. 
' . ~ 
• 
·' 
' Representative thermal demagnetization 
result~ for 2 Cow Head Group specimens. 
Solid (open) circles denote down (up) 
magnetizations ori a Wulff net. · On 
J 
orthogonal vector d1agrams, squares 
are the projections on an east-west 
vertiqal-(V) plane and c i rcles, on the 
horizontal (H) plane. 
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magnetite. 
Si11ce the·-AF results yielded only steet:L 
-) 
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magnetizations, thermal demagnetization was carried out on 
the rest ot the specimens to isolate any other 
componi!nt ( s )< Figure a. 3 shows demagnetization results on 
two representative ~pecimens. Specimens CH15-8 and CH31-B 
are from the r espective eastern and western limbs of the • 
fold. An intermediately ste~p compon~nt in' tne southeast\ 
.. 
quadrant was isolated from Specime~1 _CH15- B beyond Joooc, 
as indicated on both the stereographic plot and the vector 
di..agram. Specimen CH31-B yields a steep down . -
~haracteristic comporient, similar in direction to the' 
stable component isolated by the AF treatment. Stable 
directions were obtained from a large majority (23 out of 
25) of the samples (one specimen each~. These_ 
characteristic directions are listed in Table 8.1 and are 
plotted in ~igure 8.4, both before anJ after a two-step 
. - --
etructural cor rection (plunge and f~d: see Appendix F). 
~he site mean directions are listed in Table 8.2 and are 
plotted _in Figure 8.4. The overall paleomagnetic 
parameters are summarized in Table 8.3. Figure -8.4 and 
Table 8.3 show that the 'grouping of directions considerably 
improves' after the structural correction, suggesting that 
the magnetization is prefolding. The mean direction, based 
# 
on· 22 samples, before structurW" correction, is D = 
116.90, I :a 76.6o, ( a95 = uo, k = 9.4). After 
structural correction it becomes D = ·155.3o , I = 40.9o, 
· ~ 
ta 
" 
N 
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• 
• eo·-· 
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Fig. 8.4. Characteristic sample (R, b) and site Mean 
.(c, d) directions from Bed 13, Cow Head 
Peninsula: (a) and · (c) are· before structural 
corrections; and (b) and (d), af~er two-step 
(plunge and fold) . correction. Circ\es are from 
the western limb and triangl~s fran the eastern 
limb of the syncline. Equal area projection 
on the lower he~isph~re. 
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TABU 8.1 
TliEIM\L ~IZATION RESULTS FIU't 'IRE Miqrti: ORIXNICIAN BEDDED 
LIMES'roNES OF THE <nrJ HEAD GIOJP I <X1tJ HEAD PENitSJI..A 
Characteristic direction 
Site \. Specimen Before structural . After structural Stability 
correction correctiop1 range 
D I D I (0 C) 
Bed t«:>. 13 East · 
Oi4 Q-114-<: 141.6 . 41.6 163.8 33.9 3()()-4()() 
014 Oil5-B 134.7 46.4 163.4 40.8 3~50 
Cli4 OU6-B 136.5 55.8 174.1 46.3 300400 
Oi4' Oil7-A 124.6 53.0 164.4 50.1 300-4;00 
014 Oi18-B 119.2 48.7. 155.9 50.2 300-400 
Q-i5 Qil9-A 13i. 7 57.4 173 ~ 6 49.4 3()(}-450 
Oi5 . ~1* 208.1 54.7 213.7 23.6 3()0-450 
Oi5 0121-A fs2.7 48.1 .125.3 69.3 3()()-450 
Q-i5 CH22:..:.A 123.5 52.7 163.4 50.4 3~50 
015 Oi23-B 133.4 38.1 155.3 35.4 3Q0-400 
i 
Bed tb. 13 West 
Oi6' Ol24-B ... r 112.4 - - 77.3 148.2 18.9 300-4!50 
rn6 Ol25-B .137.0 87.4 153.1 32.9 NIM-400 
Ol6 Oi26-B 242.0 89.5 154.6 30 . 5 NR+-450 
(}{6 0127-B 172.2 66.8 167.0 10.6 3Q0-400 
Oi6 Oi28-1 291.7 73.1 164.1-- . 45.1 NR-\-500 
Of7 0129-1 23.3 76.4 . 138.9 35.3 mM-500 
Qi7 013~1- 315.5 66.9 155.9 53.5 300-450 
017 Oi31-B 315.4 66.7 156.0 53.7 300-450 
rn7 Oi32-l 328~5 80.4 151.8 39.9 NlM-500 
Of7 Oi33-A 284.1 69.7 170.4 46.3 ~500 
Cli12 Oi54-A 84.0 73.0 139.5 19.7 ~50 
OU2 0155-A 44.1 75.7 137.5 30.4 . 3()()-400 
(}{12 Oi58-B 0.6 70.8 136.3 43.5 NIM-400 
KYl'ESs Specimen with * was excluded frcrn 1:he final s~tistics. The 
characteristic directions are based on the average of directions 
. in the range in:li.oated for all specimens except Oi55-A, for which 
vector subtraction was used. Sites Oll- 3 and OJS-11 were 
in the Lower ordovician bed for which the results are oot 
presented (See text). 
\ 
"' 
~ 
. 
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TABLE 8.2 
. , SITE-LEVEL ~STIC DI-REX::TION3 OF 'ffiE CDV .HEAl) CR:XJP, 
. a::M HEAD PENIN3ULA 
In situ After structural correction 
"' 
Site n/no D I D I k ( ~5 
Ol4 5/5 131.6 49.4 1:64.4 44.4 97 7.8 
OlS , 4/5 118.2 51.0 158.1 52.1 21 
" 
20 
Ol6 5/5 186.7 86.1 157.4 ~/ 27.8 29 14 
Ol7 5/5 318.7 74.2 153.9 46.2 50 11 
Oll2 '3/5 •41.0 76.1 137.9 31.2 46 18 
All symbols as in Tables 3.1, 3·.3 ' arrl 5.2 
-
• 
; - \ ,-
0 
.. 
/~ . 
, . 
• 
·o 
I 
Mean of all samples, 
in situ 
Mean of all sanples, 
til. t-oorrected 
Mean of sites, 
in situ 
Mean of sites, 
ti 1 t-corrected 
Mean of all sarTFles, 
fran Bed 13 East, 
in situ 
As atove, after 
structural correction 
Mean of all sarrples, 
fran Bed 13 West, 
in situ 
As above, after 
structural correction 
• 
TABLE 8.3 
___ WAN P~C ::ATl\ FJOo1 'mE ~ HFAD GIUJP I 
~ HF.AD PENitGJI.A. 
' 
Dm Im k N :x.g5 ) P Antipoie 
v 
116.9 76.6 9.4 22 11 
155.3 40.9 25 22 6.3 2t.4 s 13.30N, 145.SOE 
(dp, dm = 4.6o, 7.60) 
- ' 
112.1 76.3 10 5 25 
.. 
153.8 40.7 39 5 12 
125.9 50.3 39 9 8.8 
161.9 47.8 39 9 8.8 
339.4 84.1 25 13 8.4 
151.4 . 35.9 25 . 13 8.4 
. 
All synt:ols as in Table 3. 3 
~ 
1-' # 
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0 ( Cl 95 = 6 . 3, k = -25) .. A fold test (McFadden and Jones, 
. ( ' .. 
1981) was perform~d to test the statistical significance of 
& 
improved precis ion after 11n folding. The results of this 
test are discussed below. 
. .
8. 3 Fold test 
If the pre~isions of population - f~olli different limbs 
of a fold are the same, the fold test may be performed by 
testing whether th~ ,overall mean directions from the 
different limbs may be· distinguished statistically. For 
the ca~e( of two limbs, the hypothesis of a common true mean 
·' 
dir~tion may be rejected if (McFadden and 
' l 
Jonen, 
~a+ (~f'- I 
where R = length of the resu 1 tant vector of all · the site 
_. ... 
mean directions (i.e., of the vecto.rs Ra and Rb) 
p level of significance 
N = total no. of sites 
In the present case, Let Ra and Rb be the l~ngt.hs 
of the site mean vectors in the eastern and western limb of 
the syncline respectively. A separate statistical test, 
comparing the precisions of the. populations of the two 
limbs, showed that the two precisions are not different at 
95% level~ hence the above mentioned fold-teet is 
........__ 
applicable. From observation, 
Ra= 1.9942~ 2 sites 
Rb= 2.9481: 3 sites 
I 
<:-, 
. 
R = R1 (in situ) = 4.5984 
R = R2 (after unfolding) 
• 
4.8979 
2(N-Ra-Rb) = 0.1.154, where N=S sites 
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Hence, the hypothesis of a common true mean direction 
would be rj!jected at the 95% level of confidence (ie. p = 
4.9423 - R2/ 4.9423 
0.1154 > 1. 714 ( 
With R = R2 = 4.8979, the left side of the above equation 
is 0. 7660 and the hypothesis of common true mean direction 
cannot be rejected. Using R = R1 = 4.5984, the left side 
of the equation is 5. 753 and the hypothesis of a common 
true mean direction in aitu may be rejected. 
Hence the fold test is in fact significant, and it may 
be concluded that ,·the Cow Head rocks acquired their 
observed magnetization before the Acadian ( ?) folding. 
0 
8.4 Conglomerate test 
One specimen from each of the 40 oriented pebbles 
collected from the two limbs of the syncline in Bed 14 was 
subjected to stepwise thermal treatment. Some stable 
directions obtained by this treatment are shown in Figures 
8.5-8.6. A high temperature (~ 450°C) stable component 
is preserved in all the 4 specimens shown. However, the 
stable directions from either pair: of boulders from the 
same bed (Specimens Bl-.1 and 812-A or Cl-A and Cl8-B) are 
( 
( 
1.0 
1: 
::? 0.5 
.., 
0 
1.0 
c: 
~ 0 . 5 
..., 
200 400 
TEMPERATURE °C 
NRM-5~ 
/ 
• 560°C 
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Fig. 8.5. Thernal demagnetization results for one 
specimen each from 2 pebbles in breccia 
Bed 14 (western limb) , showing widely 
divergent stable directions. Conventions 
as in Fig. 8.3. 
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TherMal demagnetization results for one 
specimen each from 2 pebbles in breccia 
Bed l4 (eastern limb) , giving widely 
divergent directions. Conventions as 
in Fig. 8. 3. 
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grossly misaligned with each other. -This probably is the 
result of scattering of the vector directions between 
different boulders as a result of brecciation. However, 
sue~ large scatter~ was ndt obser-ved in most of the 
0 0 b ld f ,.d , 0 0 rema1n1ng ou ers a ter emagnet1zat1on . 
. 
Twenty-six samples (one specimen each) o~t of the 40 
yielded stable magnetizations after thermal treatment, with 
blocking temperat~res always less than the Curie point of 
~agneti te. The directiops are listed .in Table 8. 4 and are 
plotted separately for the two limbs of the syncline in 
Figure H.7. Also plotted in Figure 8.7 are the respective 
mean directions ~ magnetization from the underlying Bed 
13. 
Some interesting features can be Observed in Figure 
8. 7 .i/ While some of the pebbles from the easterr{ ·l imh of 
the syncline yielded sc~ttered directions, and all · are far 
removed from the in situ mean direction of the underlying 
bedded rocks, this is not the case for the majority of 
pebbles frum the western limb. However, four samples from 
. / 
the western limb do yield stable components grossly 
misaligned with the majority of directions. Fisher's 
statistics were performed on the conglomerates from the 
eastern and western limb~ separately. The results {Table 
\ 
8.4) show very large cones of confidence associated with 
the mea~ for both the limbs. Whereas the mean direction 
{D = 350°, I = 860, r't 95 ~ 36° , k = 2.2, N = 14 
samples) of the scattered pebble directions in the western 
1\ 
30° 
I 
0 
N 
0 
• 
• \ • • 
• • 
• • • 
0 0* .. 
• 1 60° .' 30° 60 • • • I e + ~ 0 + • • I . I • 0 • 
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Bed 14 (V.'est) Bed 14 (East) 
s 
Fig. 8.7. Characteristic pebble directions from breccia Bed 14~ Stars denote 
the nean directions froM the underlyin~ non-conglomeratic b~dded 
rocks (Bed 13). Conventions as in Fig. 8.3. No tilt correction 
has been- applied. 
1"9 
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.· 
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..... 
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• TABLE 8.4 . 
"JJ--ERMAL DEMA.~IZATION RESULTS FOR PEBBI.ES FJOo1 A 8Ra:CIA RED 
OF '!HE OJW HFAD GIOJP, OJW HEAD PENI l'&JlA. 
Stability Sl:llbility 
Stable dir~ion range Stable direction range 
Specimen D I ( ° C) ~ Speci.men D I (O C) 
Bed f't), 14 East l3ed No. 14 West 
Cl-A 42;6 50.1 350-500 81-1 261.0 -14.7 300-450 
C3-B 356.5 74.9 l'M+-400 .86-2 40.3 00.3 NRM-400 
C4-A 48.7 59.8 tR+-450 87-/\ 155.5 H5.8 Nl*-500 
ClQ-8 139. 2 80.1 NRM-500 88-2 00.2 81.1 NRM-500 
Cll-A 39.5 7.1 400-530 89-2 329.2 BO.A NR+-400 
Cl4-A 35.8 57 .8 l-M+-450 810-2 74.5 - 3.4 400-450 
Cl5 u.s 67.8 tM+-400 812-/>. 269.8 76 . 2 NJM-530 
Cl6-l 98.4 74.8 NR-1-450 813-A 295.7 64.6 NRM-500 
Cl7-A · 24.8 53.5 NRM-450 814-2 147.4 - 9.9 300-400 
Cl8-8 264.2 -69.7 NRM-530 815-A 277.9- 71.2 NRM-560 
C19-A 180.5 -80.1 NRM-450 816-1 301.8 -77.9 NRM-560 
C20-l 347.7 - 25.3 NRM-400 8 17- A 22.0 79.7 NRM- 530 
810-A 284 . 5 82.0 ~560 
820- 1 37 . 9 54.7 NRM-530 
~ ..r::;;. Over a 11 mean: Overal l mean: 
Dm = 27 . 4, Im = 49 .8, Dm = 350. 2, Im = 86.4, 
N = 12, ~5 = 43, k = 2.0 N = 14, ~~5 = 36, k = 2.2 
R = 6.414 R = 8.123 
IDI'ES: R is the length of the r esultant mean vector . All other syntx>l~ aJYl 
explanaticns as in Tables 3 .1-3. 3. 
f 
~ 
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limb falls close to the in situ mean direction of the 
underlying bedded rocks (D = 339°, I = 84o, 
a 9 5 = 8° in Table 8.3), the mean of pebble directions 
in the eastern limb (D = 270, I = sao, a 95 = 36°; 
k • 2.0, N = 12 samples) is far removed from that of the in 
situ mean of the un9erlying bedded rocks (D = 126°, I ~ 
soo, rt 95 = s.so, in Table 8.3). For neither limb of 
' the syncline do the p~bble directions pass a statistical 
test of r~ndomness (Irving, 1~64, p. 63). However, in the 
'-
case of the eastern limb, the directions are close to 
random, in which case they would meet a minimum condition 
for a positive conglomerate test . In order to obtain a 
conclusive t ·est it is also necessary to demonstrate that 
the directions of the stable component in multiple 
specimens from the same pebble are coherent; In view of an 
apparently negative tesult of the conglomerate tes~, this 
internal consistency test was not attempted. The 
conglomerate test in the present study is therefore 
inconclusive. The most that can be concluded from this 
partial conglomerate test is that the widely scattered 
&table directions of some of the pebbles may antedate 
brecciation. 
8.5 Magnetic mineralogy 
An·IRM study was done on 4 samples chosen from both 
limbs of the syncline. Results for two samples are shown 
in Figure 8.8. A sharp increase in intensity at low~r 
- - ~ - - - - -- - - - - . -- - ·-- - - - - - --- - - - - - - ---
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0 .6 IRM (A/m) 
CH 29-2 
-0.2 0.4 _ 0.6 0.8 
' 
0.8 IRM(A/m) 
CH 14-2 
0.4 
-0.2 0.2 0.4 0.6 0.8 
H (TESLAS) 
Fig. 8.8. IR¥. acquisition and bac}-:-field characteristics 
of 2 representative specimens from the Cow 
He~d Group. The curves strong ly indicate the 
~resence of only ma0netite. 
I 
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magnetizing fields, with attainment of saturation at 
0.10-0.15 T, indicates the presence of magnetite. This is 
further seen from the back-field IRM _~urves which show the 
presence of a single phase of magnetic grains with low 
values of coercivity of remanence (Hcr""0.040-0.045 T), 
characteristic of magnetite. The results of the IRM study, 
coupled with the low blocking temperatures (450-SOOOC) 
observed during thermal demagnetization, and the limited AF 
results, confirm that magnetite is the remanence carrier. 
8.6 Discussion 
A stable~ possibly primary, characteristic direction 
was isolated from. the Middle Ordovl.ci.ran non-conglomeratic : 
bed of the Cow Head Group. This magn~tization resides in 
magnetite which unblocks in tne range 400-S00°C. The 
conodont CAl for these rocks is 1.5 (Nowlan and Barnes, 
i9e5), which suggests a maximum temperature of less than 
60-Hooc. From the theoretical data of Pullaiah et al. 
(1975), a magnetization with blocking · temperature of 
Joooc or less wou~ be reset by heating to 60-7ooc for 
100 m.y. S~nce the blocking temperature far exceeds 
3000C, it is improbable that the rocks were thermally 
remagnetized after deposition. Besides, the results of a 
structural (fold and plunge) test strengthen the case for a 
pi'efolding, or perhaps even primary or~gin)" the ,. 
magnetization. There is some mild support for th~ 
l \ 
conclusion from the partial conglomerate test, though that 
·--
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test as a whole proved inconclusive. 
The antipole position corresponding to the 
· , structur~lly c~rrect~ me~n direction (D 
40.9°) for B~d 13 is' 1}.3oN, 145.8oE (dp 
155.3°, I = 
4.6°, dm 
Tpis pole (Figure 9~1) is very 
close to the poles obtained from the autochthonous· Table 
Head and St. George Groups of the Port au Port area. Th~ 
close proximity of these poles can be interpreted in terms 
of one of the followin~ possibilities: 
(1) The Cow Head Group is either in place or was not 
;· 
( 
transported far. A transport of a {ew kilometers might not 
change the previous in situ paleomagnetic direct i on 
appreciably if the process of transport did not involve 
compl~x motions including tectonic rotations. In any case, 
this interpretation requires that the magnetization was 
acquired before the deformation of both the platformal 
rocks and the transported Cow Head rocks. Also, the 
interpretation again implies that there was little, if any, 
apparent polar wanqering during ~he time interval involved. 
(2) The Cow Head Group is truly allochthonous and was 
magnetized after being emplaced on the autochthon, though 
before the deformation of both the autochthonous a~d 
allochthonous strata. This interpretation would introduce 
an element of uncertainty in t~e age of magnetization of 
the autochthonous rock sequence. This uncertainty, 
however, would be confined to a time interval between Lower 
and Middle Ordovician, as no published cratonic pole 
.. 
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younger than Mitldle Ordovician lies close to the Port au 
\ 
Port Ordovician .poles. 
Out of the above two interpretations the first ·is 
fayoured, since it was argued in earlier chapters that the 
St. George and Table Head magnetizations of Port au Port 
area.were .~cquired close to the time of deposition. 
/ 
··- -
However, the cone lusions from this limited study of the Cow 
He~d rocks must be treated as tentative and should be 
tested by a more detailed investigation of the 
allochthonous rocks from other localities on the Western 
Platform of Newfoundland with different structural 
attitudes. 
.  
' , 
) 
' -
.. ) 
CHAPTER 9 
ORDOVICIAN PALEOPOLES OF NORTH AMJ!:RICA AND 
ROTATION OF NEWFOUNDLAND L 
9.1 0r2ovician paleopoles 
--
Some reported Ordovician poles from cratonic Nort~ 
America have been listed in Table 9.1 along with the 
results from the present study. These poles are plotted in 
Figure9.1 a·nd are numbered as in Table 9 .1. Also plotted 
in Figure 9.1 are some Kiaman poles (Table 4.2), as well ae 
the "B" component pole (SGO) isolated - from the St. George 
Group (Chapter 5). All paleopoles of the present study are 
shown with their error ovals. The Ordovician poles of 
Figure 9.1, like the Cambri'an poles, are scattered . . Though 
their overall scatter is less than that of the Cambrian 
poles, some of the brdovician poles also lie close to Late 
,, 
Paleozoic pole.s ,' as in the Cambrian case. Following is a 
\ , br.t'ef review of the poles plotted in Figure 9.1 
Thece have been two earlier paleomagnetic 
investigations from the St. George Group. Beales et al. 
(1974) s~~died paleomagnetically th~ relationship between 
host limestone and sulphide ore at Daniel's Harbour in Ute 
northern Peninsula (closer_..~ Table Point of ootigure 2. 2). 
Only AF demagnetization ~~8,. performed on the samples, which 
was effective in removing a steep viscous component. 
Beales,et al. reported difficulty in meaeuring" remanence 
0 
because of the low intensity,of their samples. Their ) 
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l 
Fig. 9.1. 
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Paleopoles fran the Ordovician rocks of this 
study plotted with selected Ordovician and 
Late Paleozoic poles for cratonic North America 
(Tables 9.1, 4.2). Circles, poles cited as 
Ordovician; squares, poles cited as Kiaman 
(Late Carboniferous to Early Permian) . Poles 
of this study are plotted with 95% confidence 
ovals. Symbols with bar, Nev7foundland poles; 
without bar, mainland poles. 
.. 
# 
Pole tv. 
1 
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3 
4 
5 
~ 6 
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TABLE 9.1 
SEI.lL'TED PAIHMl\GNE'l'IC POLE J?a;ITIOI'li FI0-1 ORIXNICIAN RXl<S OF IDR'IH AMERICA . 
Rock unit arxi location '. 
St. George Group, . "A" 
cx::J'IlX)Ilellt, Port au Port 
. . 
Peninsula, western 
NewfoundlarXl 
Isthnus Bay Fonnatioo 
St. George Group, 
Port au Choix area, 
w-estern Newfoundland 
catoche Formation, St. 
George Group, Port au 
Choix area 
Aguathuna Formation, 
St. George Group I Port 
au Choi:x. ar~ 
Age 
Lo.oer Ordovician 
Lower Ordovician 
Lcwer Ordovician 
!J:lrwer ordovician 
Oneot.a lblanite, ur-per Lower Ordovician 
Mississippi River Valley -1} 
St. George Gralp, 
western New£our¥Uand 
... 
if: 
I...Dwer Ordovici an 
1 
,-
Pole Position· Reference 
17.5~, 152.30f: 'This study 
l4.5~, 102. 7~ This study 
. 14. 7e>r-J, 127. 3<>E ntis study 
20. 7~, ll0.60E This study 
10.40t~, 166.40[ J acks<rs and 
Vander Vod 
(1985) 
26 <=>N 1 1 26 <>E .. Beal es et. al. 
0 (1974) 
"-' 
C> 
....... 
, 
,._; 
~ . 
t• 
j 
·~ 
Pole t«:>. Rock unit & I.Dcation 
15 <lla.pTan Ridge Formation, 
eastern Termessee 
16 Trenton Limestone, 
New York 
17 COt/ Head Gra!p, western 
Newfoundland 
18 Juniata Formation, 
central Appalachians 
1~ 
... 
20 
21 i 
22 
23 
S~l l'bmtain pluton, 
western Newfoundland 
1An3 Point Formation, 
western Newfoundland 
Richrrond Group, Quebec 
Beemerville complex, 
New Jersey 
Black Canya1 diabases, 
southwestern Colorado 
lVl'fS: As in Table 4 . l • 
y 
TABLE 9 .1, (CONI" D) 
Age 
Middle Ordovician 
Middle Ordovician 
Middle Ordovician 
Late Ordovician 
(450 Ma) 
Late Ordovician 
Late Ordovician 
Late. Ordovician-
Sillll"ian 
Cant>ro-ordovician 
Pole Position 
27<>N, ll~ 
360t-J, 1140E 
l3. 3<=>N, 145 .BOJ:: 
3PN, ll40f: 
23~. 1390f: 
29~. 1540f:: 
33<=>N, lOSC>f: 
35ot~. l260J:: 
370N, l02<"lE 
Reference 
Watts and Van 
der Voo (1979) 
McElhirmy and 
Opdyke ( 1973) 
This study 
Van der Voo and 
Frerrll ( 1977 )_ 
: · • 
Murthy and Rao 
(1976) 
Murthy ( 1983) 
Sequin and 
Mi.chaoo ( 1985 > 
Proko and 
Hargraves 
( 1973) 
Larson et a 1 • 
(1985) 
IV 
0 
1,...1 
.. 
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final result (Pole 6) ls based on a-remanence direction 
obtained at the 10 mT step. On the average, 64 to 87% of 
the intensity remained after treatment to 10 mT. 
Therefore, it is quite likely that unresolved 
mag~etizations may be present in their data. Deutsch and 
Rao (197~) reported some paleomagnetic data from the Port 
au Port Peninsula (Pole 7~ in connection with a test for 
possible tectonic ro~ation of Newfoundland. Based on AF 
demagnetization at 30 mT, they presented results very 
similar to that of Beales et al., ( 1974), so that the 
possibility of unresolved magnetizations also remains in 
Deutsch and Rao'e data. Therefore the results from the St. 
~ge Group in the present study should be taken to 
supersede the earlier two results. Deutsch and Rao (1977), 
in addition, presented data (Pole 10) from the Moreton's 
\ 
Harbour basalts of Lower to mid-Ordovician age in central 
Newfoundland. This area is in the Dunnage Zone of the 
Newfoundland ~ppalachia?s and, though this is .not a part of 
the craton, the rocks in question were interpreted to have 
originated as part of the North American margin. Deutsch 
~ 
and Rao- mentioned that the rocks had undergone low-grade 
• greenschist facies metamorphism. The conodont CAl values 
from the Lower Ordovician strata in the Dunnage Zone of 
Newfoundland are greater than 5 (Nowlan and Barnes, 19851, 
which indicates a burial temperature of 3000C or more 
' . 
(Ep~tein et al •• 1977). Such a high temperature would 
theoretically reset any magnetization blocked at about 
, 
' 
... 
.j 
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500°C over a time period of 100 m.y. (Pullaiah et al., 
1975). According to Nowlan and Barnes (1985), thermal -
alteration of Lower Ordovician rocks in the Dunnage Zone 
was initiated during the Taconic orogeny and completed by 
the end of the Acadian orogeny. Therefore, a mid-Paleozoic 
thermal remagnetization of Moreton's Harbour basalts cannot 
be ruled out. 
Murthy (1983) reported paleomagnetic data from the 
Late Ordovician strata of the · Long Point Formation. There 
is some controversy whether ~ese strata belong to the Late 
Ordovician Long Point Formation or the Early Silurian Clam 
However, based on O ' Brien.'s (1975) 
\ 
Bank rrmation. 
argum~ for a 
the Long Point, 
late Mid-Ordovician age for that section of 
the paleomagnetic result (Pole 20) was 
0 
taken as Late Ordovician. The remanence, which resides in 
hematite, was inferred to have a dual polarity after 
unfolding the strata, and the data paased a positive fold 
test on overturned beds. This pole is not very far from 
the Lower and Middle Ordovician poles from the Port au Port 
area of the pr~sent study ~ (P9les 1, 11-13). 
~ -
Lynnes and Vander Voo (1984) presented paleomagnetic 
data trom the radiometrically dated Cambro-Ordovician 
I McClure Mountain alkali complex, Colorado. Two widely 
different magnetizations were found. The trachyte dykes 
dated 495 Ma. yielded a pole position (Pole MMO, Figure 
9.1) which was interpreted to be a Late Paleozoi~ overprint 
-
carried by hematite. The aye~itea and nepheline syenites 
v 
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dated at 535 M~. yielded a pole (Pole 8) .ich is close to 
some of the Cambrian .poles of North America, as well as the 
Ordovician Port au Port poles of this study. Thus the age 
of magnetization is uncertain to some extent. However, 
because of the close proximity of Pole 8 to the Ordovician 
Poles 1 and 11~3, it is quite likely that the 
magnetization of the McClure Mountain syenites was acquired 
in Ordovician times. 
A Lower Ordovician pole (Pole 5) was recently reported 
by Jackson and Vander voo (1985) from the Oneota Dolomite 
of the Upper Mississippi River Valley, based on a presumed 
two-polarity pair of characteristic directions. However, 
the "normal" and "reversed" directions are not 
antiparallel. There is a pownwarQ bias in both~ which was 
attributed to the presence of a drilling-induced component 
in the (resultant) magnetization. The "normal" and 
"reversed" directions were averaged, with the aim of 
~nnulling the effect of the downward bias. Ho~ever, the 
mean direction quoted by Jackson and Van der Vo~~s based 
on the average of unequal numbers of samples in the two 
polarity sets. Th;refore, there is some uncertainty 
associated ~ith this pole position, which is significantly 
displaced from most of .the presumably Ordovician poles, but 
is close to some. reported Upper Cambrian poles. 
Paleomagnetic data were reported from a diabase dyke 
(Pole 9) in southern Quebec by Dan~ers and Lapointe 
(1981). This pole is widely discrepant from other 
. I 
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·ordovician results. The authors have acknowledged 
structural uncertainties in the sampled area: also, 
discordant ~-Ar ages obtained from the dyke at one place 
reported by them suggests that the age of magnetization 
mi9ht not be well constrained. 
Watts and Van der Voo (1979) presented paleomagnetic 
data from the Middle Ordovician of the Valley and Ridge 
Province in Tennessee (Poles 14 and 15). A two-polarity 
magnetization residing in hematite was found in both the 
. 
Moccasin and the Bays Formations and was shown to have been 
acquired before the Alleghanian folding. Pole 14 is the 
combined result for both these Formations. The 
characteristic magnetization of the Chapman Ridge Formation 
(Pole 15) also resides in hematite, but occurs as a single 
(normal) polarity which also antedates the Alleghanian 
folding. In these studies (Poles 14 and 15), the exi~tence 
( 
of positive fold tests and (in the case of Pole 14) of two · 
polarities; lends some confidence to the inference that the 
magnetizations are original. 'However, these poles have 
J 
also been critized, e.g., by'Gillett (1981), who suggested 
that burial remagnetization is possible in the case of both 
these units because of high (3-4) conodont CAI values. A 
related problem could be the timing of hematite acquisition 
\ 
(See discussion, Section 3.4). In fact, Watts and Van der 
Voo (1979) have proposed that the misalignment between the 
Chapman Ridge and Moccasin-Bays direction could be the • 
result of hematite formation in the ·Late Ordovician to 
.: 
• 
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Silurian, aa the Chapman RLdge pole is close to reported 
silurian polrs. 
Van der Voo and .French ( 1977) presented paleomagnet\c 
. . ' 
data fr~ the Late Ordovician Juniata 'Formation (Pole 18) 
of the Appalachians. A 'two-polarity, high . 
blocking-temperature characteristic magnetization residing 
in hematite was isolated which was shown to have been 
a!=quired before Alleghenian folding. · They also isolated 1a 
pervasive overprint which was attribute~ ~o Kiaman age. 
The-"conodont CAl values in this area are 4-4.5 (Gillett, 
0 
1981), indicating maximum temperatures in the range 
190-240°C (Epstein et al., 1977). This, together with 
the fact that the remanence is carried by hematite, 
warrants further study of the timing of remanence 
acquisition. 
Paleomagnetic data from the Late Ordovician to 
Silurian Beemerville alkaline igneous complex (Pole 22) 
were reported by Proko and Hargraves (1973). The results 
are baaed on only AF demagnetization to 30 mT. The 
carriera. of the highly sca,tered ch~acteristic directions 
were attributed to both coarse-grained magnetite and 
fine-grained hematite. Rocks in this area are reported to 
have been deeply buri•d (CAl 5, Gillett 1982), making a 
partial to complete thermal remagnetization possible. The 
~ 
authors themselves point out that the large directional 
scatter and uncertainties in the magnetization age of these 
rocks detract from the value of their resul t.s. 
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Murthy and Rao (1976) studied the Precambrian Steel 
Mountain anorthosite of western Newfoundland (Pole 19), 
citing a K-Ar age of 450 Ma. (mid-Ordovician). This age 
was interpreted to be the result of overprinting during 
Taconic metamorphism. Murthy and Rao isolated a 
characteristic magnetization residing in hematite that is 
discordant with data from similar anorthosites elsewhere in 
North America having pre~umed Grenville mag~etization 
ages. Therefore they suggested that the magnetization of 
the Steel Mountain rocks reflects their K-Ar age. Further 
study of .these hematite-bearing rocks is needed to test 
this sugqestion. } 
Paleomagnetic data from the Middle Ordo~ician Trenton 
limestones in New York (Pole 16) were reported by ~cElhinny 
and Opdyke (1973). A re-examination of these limestones by 
McCabe et al. (1984) yielded a different characteristic 
direction (Pole TLO, Table 4.2) which was interpreted to be 
a Kiaman magnetization. McCabe et al . concluded that the 
Trenton series was completely remagnetized in the Late 
~ 
Paleozoic. They showed that the earlier res~lt of 
McElhinny and Op~e (1973) can be explained as resulting 
from insufficient demagnetization. The quoted mean 
remanence direction of·McElhinny and Opdyke was shown to be 
the resultant of the characteristic mean direction of 
McCabe et al. and the present earth's field direction. 
Ironically, a number of published Ordovician poles plot 
close to McElhinny and Opdyke's Trenton pole. This raises 
·-. . _ 
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the question of reliability of all those poles. 
Recently, Seguin aRd Michaud (1985) reported 
paleomagnetic results (Pole 22) from the Late Ordovician 
Richmond Group sediments in Quebec. The characteristic 
magnetization, which resides in hematite, yields a pole 
po~ition which is close to McElhinny and Opdyke's Trenton 
~ pole. 
Another recent result was reported by Larson et al., 
(1985) from the Cambro-Ordovician diabases (Pole 23) in 
southwestern Colorado. This has already been discussed in 
Section 4.3. 
From the above discussion it is very difficult to 
pinpoint reliable Ordovician poles. Like the Cambrian 
poles, the Ordovician poles have two clusters - one close 
to the Late Paleozoic poles ("' 120oE, at intermediate . 
latitudes) and · the other at"' lSOOE and low latitudes. 
The ~ow-latitudf cluster, unlike in the case of Cambrian 
poles, contains fewer, poles than the high-latitude 
cluster. The ser~ of pol~s (land 11-13) from Lower to 
Middle Ordovician rocks from Port au Port area in the 
present study fall in the low-latitude cluster and may 
true represe~tatives of the Lower t~ mid-Ordovician 
geomagnetic field of cratonic North America. A final 
verdict on the Ordovician field r,elative to the craton 
must, however, await results from more rock formations from 
~idely di~tributed localities of the craton. 
) 
' 
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9.2 Rotation of Newfoundland 
lt is appropriate at this point to discuss the old 
problem of rotation of western Newfoundland in the light of 
new paleomagnetic data from this study. Different possible 
interpretations and inconsistencies associated with them 
are discussed below. 
(l) A relative block rotation between Port au Port and 
, 
Port au Choix areas may be inferred from the Lower 
Ordovician results, and this was briefly discussed in 
Chapter 5. The possibility of a relative rotation between 
the two sampling areas could not be adquately tested 
because of a possible secondary origin of magnetization of 
the Port au Choix rocks. If the Port au Choix 
magnetizations are prima!Y• the following possibilities 
exist: 
(a) Port au ~hoix rotated clockwise relative to Pbrt 
au Port by 300-40° after being magnetized i~ a SE fielq 
as are the Port au Port rocks. However, such a rotation 
would have to be confined to a portion of the Northern 
Peninsula north of the Cow Head Peninsula, because of the 
SE magnetizations ~ound also in the Cow Head rocks. 
(b) Port au Port rotated anticlockwise relative to 
Port au Choix by 30o-4oo after acquiring magneti~atione 
in a NS field, as did the Port ~u Choix rocks. Both · 
interpretations (a) and (b), however, would be difficult to 
reconci~e with the prominent occurrence of both NW-SE and 
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N-S magnetizations reported from mainland Ordovician rocks 
~ {Figure 9.1). A si~ilar inco~gruity ~~es if the 
comparison is extended to Cambrian ~~ks (Figure 4.1). 
{2) Western Newfoundland rotated 30~4oo 
anticlockwise {see Chapter 1) after the Port au Port rocks 
' J 
acquired a magnetization in an original N-S field, but • 
' before the Port au Choix rocks acquired their (aecondary) 
·· - ·· -\-
magnetization ~~ a N-S field. This interpretation again 
I 
would ieave one to explain the occurrence of SE 
magnetization~ the mainland rocks. 
The following ~nterpretation seems more p~ausible. 
Western Newfoundland did not rotate significantly with 
respect to the mainland. 
,. 
The Port au Port roc~s b~came 
magnetized in an original SE magnetic field and the Port au 
. 
Choix rocks acquired their magnetization much lat~.s- when 
apparent polar wandering had occurred. Tjis interpretation 
would be consistent with the fact that both the N-S and 
NW-SE were observed also in the different studies of 
mainland. Then the implication is that, ip the case of 
both the ~ainland and Newfoundland, the N-k magnet1zat!ons 
were most probably acquired later than the NW-SE 
magnetizations. A possible alternative is that the N-S 
remanence ob&erved in some Ordovician and Cambrian mainland 
rocka was caused by a local clockwise rotation of the 
' 
sampling area reorienting the original RW-SE declination to 
N-S. This would correspond to Interpretation l(a) in the 
case of Newfoundland rocks. 
•, . 
\. _~ 
"· 
-)-.. 
• 
' 
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Therefore, the hypothesis of ~otation of Newfound l and 
relative to mainland North America does not seem to be 
~ 
supported by the paleomagnetic data. 
) 
, .. 
) 
CHAPTER 10 
S.UMMARY AND CONC.LUSIONS 
Nine formations ranging in age from Middle Cambrian to 
Middle Ordovician belonging to autochthOnpus strA~a and a 
section of the allochthonous strata, of early Middle 
O~dovician age were sampled from the Hu~ber Zone in western 
Newfoundland for paleomagnetic investigations. . The 
objective was to eitract stable magnetizations and iqentify 
va.rious components o.f magnetization for comparison with 
published paleomagnetic data. 
All the units sampled are carbonates which are very 
weakly magnetized. These weak magneiizations (mainly in 
the l x 1 0""'4 to 3 x 10-3 A/m range) were never the less 
measurable by th~ cryogenic magnetometer. In most of the 
specl.mens, the remanence after demagnetization could be . 
measured to the or'der of 1-2% of the NRM without any 
difficulty • . 
In this entire rock sequence a steep downward-directed 
viscous component was found to coexist with stable 
component·s. The viscous component in most caa..es could be 
erased by thermal qemagnetization at low temperatures. 
Middle to Late Cambrian rocks belonging to the , Port au 
Port Group yielded two characteristic components, "A" and 
"B".. The "A" component, which re'sides in magnetite gives a 
reverse pole at 3. 4°N, 145. 6oE in very good agreement 
with some reported Cambrian poles and is also close to some 
214 
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Late Precambrian pole positions for cratonic North 
America. The "B" compopent, which mo~:at likely is carried 
-by diagenetic hematite, is an overprint consistent with a 
number of reported Kiaman magnetization for North America. 
The pole position corresponding to the "B" component is of 
reverse polarity at 40. 2°N, ·u 5. 6oE. 
The magnetization history of the Lower Ordovicia.n St. 
George Group is more complex, The Port au Choix area rocks 
g.i ve entirely di f f·erent directions compared to the Port au 
Port rocks, as follows. 
r·rom the Port au Port area, two characteristic 
components of magnetization were isolated from the St. 
George Group, analogous to, but somewhat different in 
direction from, the Cambrian rocks. The rnagoetite-bearinq 
"A" component has a reverse pole position at l 7.....__5°N, 
15 2. JOE and probably represents the Lower Ordovician 
_J 
geomagnetic field relative to western Newfoundland . The 
"B" component is interpreted t<? be a Kiaman overprint 
·residing in hematite, ,with corresponding reverse pole 
position at 44.9oN, 138.2oE. This .pole is' very close 
' to the "B" component pole isolated from the Cambrian 
rocks. The respective Lower'Ordovician and Cambrian "A" 
poles differ by 15o,, which suggests that there was 
moderate but significant apparent polar wandering between 
mid'- CaJllbrian and Early Ordovician time relative to western 
Newfoundland.' 
No evidence of Kiaman overprinting was found in. the 
J· 
j o 
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St. George Gr:oup. of the PoJ;"t au Choix area . 
. ,. ' 
Rocks in this 
area yielded stable magnetizations of normal . polarity . . The 
three Format.ion means within the Group were more dispersed 
than the corr~ponding means in the Port au Port rocks. · 
The overall mean directions bf the St.- George Group for the 
two areas differ mainly in declination. Therefore a 
relative tectonic rotation between the two areas would be 
indicated from the paleomagnetic data, if the 
magnetizations at Port au Port and Port au cttoix had been 
• 
C<Jntemporaneous. However I the therma~ histo.ry of the Port ' 
au Choix rocks indica.t.es a probable thermoviscous 
.. remagnetization that ma-y be related to the Acadian 
orogeny. The Port au Choix pole positions are close to 
some reported Late Ordovician to Early Carboniferous poles 
, 
from Newfoundland and other -parts of· the craton. The 
difference between the remanence directions for Port au 
Port and Port au Choix could be attributed to .apparent 
polar wandering occurring between the timf. the respective 
.. 
magnetizations were acquired. 
The Middle Ordoviciafl:l Table Head Group in the Port au' --:---
Port area also showed the abgence of any Kiaman. overprint. 
A shallow SO\,Itheasterly component · of magnetization was 
isolated; corresponding to a pole position at 15.9oN 1 
153.6°EI whi-ch is not significantly different from the 
St. G•orge "A" cornponfnt pole. This suggests little 
apparent polar wandering 1 if any 1 between Lower and Middle 
Ordovician times. 
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The Cape Cormorant Formation within the Table Head 
Group gives relatively pcattered directions compared to two 
other Formatiops, Table Point and-Table Cove, which yield 
tightly grouped characteristic ~irections. The scatter in 
~the Cape Cormorant rocks is apparently due.to the presence 
of.unresolved multicom~onents and to the samples being 
inhomogeneously magnetized. From a minority of samples of 
these steeply inclined beds, a characteristic southeast 
component wa~ isolated which, after structural correction, 
is coqerent with other Formati~s of the Group. This ' 
_suggests that the magnetization preceded the presumably 
Acadian folding. 'I'he pole position for the Table tlead 
'\ 
Group quoted above includes the Ca~e Cormorant 
characteristic directions. 
The Table Head rocks of the Port au Choix area give a 
smeared distribution of ~table directions, mainly alo~g~ 
north-south. . Dueli to over lapping stability spectra--' the 
_, 
super imposed components could not be separated. However, a 
distinct northerly component in a minority o'I sampleq is 
noticeable ' amidst the smeared directi~ns, and might have 
paleomagnetic significance. A similarity in' direction 
between this component and' st.able components itPlated in 
the Port au Choix area from the St. George Group and a few 
samples of the Port au Port Group, strongly suggests that 
in all three above cases the magnetization is secondary and 
. 
was acquired at about the same (post mid-Ordovician) time. 
The late Middle Ordovician Long Point 'Group from the 
218 
Port au Port area mostly yielded unstable magnetizations. 
A minority of samples that did yield a stable component is 
'-
• 
of normal polarity. This is in contrast to all other 
(Cambrian-Ordovician) Formations in the Port au Port area 
~hich yielded magnetizations of reverse polarity. This 
• 0 \... 
indicates that a polarity change occurred at some time 
between the deposition of uppermO$t Table Head and 
lowermost Long Point' rocks. 
Middle Ordovician bedded rocks of the allochthonous 
Head Group yield a magn&tization preceding the Acadian 
folding, _residing in magnetite. The corresponding 
of reverse polarity, is at l3.3°N, 145.8DE, 
which is close to the Lower and Middle Ordovician poles 
from the Port au Port Peninsula. This suggests that these 
rocks are either more or less in place or, if they were 
transported, their displacement did not involve complex 
• 
motions including tectonic rotation. 
The total absence of Late Paleozoic overprinting in 
the Middle Ordovician rocks, both in the autochthonous and 
allochthonous sequence, Ls noteworthy. ~The 
remagnetization,, which resides in diagenetic hematite, 
e~ems to have selectively affected the Port au Port Group 
and preferentially the lower part\ of the St. George Group 
on the Port au Pprt Peninsula. 
The entire rock sequence in the P~rt .au Choix area, 
unlike the rocks of the Port au Port ar~a, shows the 
presence of magnetite only \?d the absence of any Kiaman 
... 
• 
• 
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overprints in them. In this connection, it is noteq that 
I 
there are no Carboniferous cover rocks in the Port au Choix 
area. The Port au Port area, on the other hand, has 
Carboniferous strata unconformably overlying the Lower 
Paleozoic strata. There . is evidence of oxidizing 
conditions related to subaerial exposure and groundwater 
moveme.~t.t during the Carboniferous in the Port au Port rocks 
(R. K. Stevens, personal communication). This may well be 
the reason for the pervasive hematization in some of the 
rock sequence in the Port au Port area and a lack of it in 
the Port au Choix area. 
While a better picture of the Lower Paleozoic 
paleofield relative to western Newfo~ndland has ·emerged 
from this study, the results did not support the hypothesis 
of rotation of western Newfoundland relative to mainland' 
North America. However, a local rotation of the Port au 
Choix area relative to Port au Port area cannot be rulerl 
out from the Ordovician paleomagnetic ~Jata. Such a 
rotation could have taken place with respect to one of the 
several faults seen in the .region. 
Paleolatitudes inferred in this study show a large 
latitudinal displacement of western Newfoundland ' between 
Cambrian and Ordovician - from a latitude of about 40°5 
in the Middle to Late Cambrian to. about 20°S iQ ~ower to 
Middle Ordovician times. The paleolatitudes during Late 
Carb~ferous to Early Permian times, as calculated from 
. 
Kiaman overprints, are near-equatorial . 
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In conclusion, it is to be noted that the Lower 
Pa~eozoic rocks of western Newfoundland, by virtue ~f their 
almost continuous stratigraphic exposure and presence of 
stable magnetization in them, as revealed by this study, 
are well suited for unravelling the magnetic history of 
cratonic North America. There is allJple scope for further \ 
paleomaghetic study in this region, based on rock exposures 
not included in this study. 
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APPENDIX A ~ 
TECHN~QUES 
A.l Sample preparation 
Oriented hand samples only were collected from the 
rock exposures discussed in the present study. The samples 
were o&iented by means of a magnetic compass. Drill cores 
of 2.3-2.4 em diameter -were prepared in the laboratory and 
were cut into cylindrical specimens, typically 2.1 em in 
height. Usually two to four specimens were prepared from 
each hand sample. 
A.2 Remanence measurement 
All remanence measurements of specimens were performed 
on a cryogenic magnetomete~ - made by CTF Industries, Port 
Coquitlam, B.C. This is a two-axis device which measures 
the two orthogonal components - horizontal and vertical -
~ 
of magnetic moment. The two detecting units (SQUID sensors 
and superconducting pick-up coils) require temperatures 
~ ~0°K for their operation and ar~ surrounded by a 
superconducting magnetic shield. The shield and detecting 
assembly in turn are hou~•d in a 30-litre, superinsulated 
(liquid nitrogen-free) Dewar flask containing liquid helium 
(boiling point -4.20K). The entire unit is enclosed in a 
3·-layered mu-metal shield to produce a nearly field-free 
space inside. The residual internal field is "frozen" into 
the internal shield at the time it becomes superconducting: 
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actual residual field values in the space to be occupied by 
a rock specimen were observed to be of the order of 50 nT 
or less. The observed maximum noise level is of the ord~r 
of 5 x 10 Am2, which is an order of magnitude less than 
the moment of the holder (3 to 5 x to-ll Am2) used in 
all the measurements. 
r The measurement procedure involves rotating the 
specimen in successive 9oo steps about a vertical axis 
between measurements and repeating the procedure with the 
specimen turned upside down. This yields 4 values each of 
the x- and y- components, and 8 values of the z-component. 
This output is transferred to an on-line computer which 
prints out the results in terms of declination, inclination 
and x, y, z components, and the resultant magnetic moment. 
Because the NRM of carbonates in the present study is 
very weak (~lo-8 to 1o-10Am2 in moment), it can 
become an appreciable proportion of the total measured 
moment in the more weakly magnetic epeci~ens. Therefore it 
was routinely subtracted from the resultant moment in each 
remanence measurement of a rock specimen. In order to 
detect any chan9es in holder moment due to contamination 
from rock particles, the moment was regularly remeasu~ed, 
usually after 5 to 8 remanence determinations: the new 
holder moment value was then applied to the next set of 
measurements. If any significant increase in holder moment 
was observed, the ho~der was then cleaned in soap and warm 
water, the moment remeasured and the measurements were 
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continued as outlined above~ The vectorial subtraction of · 
the holder moment produced a significant change in the 
resultant direction only when the magnetization was reduced 
to a very low value as a result of demagnetizing specimens 
having a low NRM. In such cases, t _he reliability of the 
observed direction was checked by a ~epeated remanence 
me\urement. In the case of most specimens giving a s(able 
direction, correction for the holder moment either produced _ 
no change or a barely significant change (< 3°) in the 
resultant direction. 
A.J Alternating field (AF) demagnetization 
AF demagnetiz~tion was carried out using a Schonstedt 
GSD-1 demagnetizer. This is a single axis solenoid which 
can produce a peak alternating field of 100 mT. The 
residual field inside the center of the demagnetizing coil 
is 50 nT. The normal procedure is to demagnetize the NRM 
of the sample along three perpendicular directions in turn 
and then measure the corresponding components of residual 
magnetization with the magnetometer. Unless otherwise 
specified in the te~, the following steps were chosen for 
\ . 
the treatment: 5, 10, 15, 20, 25, 30, 40, 50, 60, 80 and 
10 ) • A spurious component of 
magnetization was induced in a number of specimens at 60 mT 
and above in the AF demagnetizer. It is not known what 
caused this spurious magnetization, and the AF results from 
specimens where it was observed were not used. 
·' 
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A.4 Thermal demagnetization 
Thermal demagnetization was done using a Schonstedt 
TSD-1 thermal demagnetizer. In this model, a magnetic 
field-free space in the specimen region is maintained by 
three layers of mu-metal shields surrounding the furnace 
and six layers of mu-metal shields surrounding the cooling 
chamber. The residual field inside the cooling chamber is 
less than 5 nT .• 
Generally the following temperature steps were chosen 
throughout this study for the treatment of at least one 
specimen from each site: 1000, 2ooo, 300o, 3500, 
400°, 4500, 5ooo, 5300, 5600, 5900, and 68ooc. 
While all the samples of the St. George and Table llead 
Groups from Port au Port Peninsula w~re treated according 
to the above schedule, a slightly modified schedule was 
adopted for the treatment of a majority of samples in the 
rest of the rock focmations. This modilication meant the 
ex~lusion of the 1000 and 200°C steps and the inclusion 
of 250, 330, 370 and 4200C steps in the treatment 
schedule. This mod i fied schedule was adopted only after 
the detailed demagnetizations of at least one specimen per 
site had been done. It was observed that the two lower 
temperature steps (100 and 200°C) led to the removal of 
only a steep viscous component. Also, the detailed init(al 
results had shown that many specimens lost their entire 
magnetization in the range 300-40ooc .- Therefore closer 
temperature steps were inserted f o r treating the rest of 
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the specimens to test the stability of direction in that 
temperature range. 
A.5 Statistical analysis 
Throughout the present investigation, Fisher's (1953) 
statistical an~lysis was used. In· this analysis each 
dire~tion of magnetizatipn is represen~ed by a vector of 
unit length and there is no weighting as a ~unctiori of the 
, 
intensity of magnetization. It is assumed that t~ese 
I 
vectors, when regarded as points on a unit sphere ~ will be ) 
distributed with probabi~ity density P (9), give~ b~ 
p(e) k - ~1(h (k cos~) 4Tr sin hk r ')\ 
where e is the angle between the direction of a sample and 
the mean direction of the population. The parameter K is 
cailed the precision ~para:eter and determines the 
dispersion of points. If K = 0 they are uniformly 
distributed and the directions are random. When k is 
large, the points are confined to a small area of the 
sphere around the true mean direction and the distribution 
tends to conform to a two-dimensional Gaussian 
distribution. In such cases the precision parameter is in 
effect the invariance or the reciprocal of the variance in 
all directions. 
For a sample of N poi~ts dispersed about a common 
centre, Fisher showed that the best estimate (1, m, n) of 
the position of this centre (the mean direction) is the 
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vector sum of the N individual directions (li, mi, 
' 
m = _l_~m· · n.:: .l~n · 
R · " ' R~ '-
-t. i 
where ( 1, m, · n) a ·re the direction cos_ines of the mean I 
direction and R is the_ vector sum of N vectors given by / 
where i = 1, 2 .•• N. 
In paleomagnetic studies the direction of 
magnetization of a rock sample is specified by the 
declination D, measured clockwise from true north, and the 
inclination I I measured positively downwards from the 
horizontal. This d~rection may be specified by its three 
direction cosines as follows: 
north component (l) =cosO cos! 
east component (m) = sinD cos! 
down component (n) = sini 
The declination, Dm and inclination, In, of the mean 
direction are given by 
-·-· 
and 
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The best estimate k of the precisiori parameter is 
given, fork > 3, by 
k .:::. N-1 N-R . 
The accuracy of the mean direction obtained from N 
vectors with resultant R is expressed as. the semi-angle 
of a cone about the observed mean· within which the true 
mean lies with any given probability (1-P): fork > 3 
P is normally taken to be 0.05. This means that there i~ a 
., 95%' probability that the obse~ved mean is within t:Ao of 
the true mean (the' ·,' circle of -confidence' ) • 
• 
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APPENDIX B 
SAMPLING LOCALITIES AND DIRECTIONS OF MAGNET! ZAT ION -
PORT AU PORT GROUP 
B.l Sampling loca,litie~ 
March ·point Formation , 
i 
• ! 
Location: ' 480 30.5'N, 59° 7.9'W (Sites MPl-5). 
The outcrop is on the south shore of the Port au .Port 
Peninsula, l km we11t of the v~llage of Degras. The beds 
are gently dipping north. Total stratigraphic thickness 
covered for the above five .Sites is 'V 30 meters. 
T i 1 t correction: 
Values of strike and · dip of the bedding, as listed . 
belO)N, are required to make this correct i~n. The 
convention followed is that the down-dip direction is 900 · 
clockwise from the quoteq~ strike direction. In the tilt 
correction, the beds con~ining, the .magnetization vector 
are restored to their presumed origina't horizontal position 
through a simple rotation about the strike by the amount of 
dip. In the listing below each pair of strike and dip 
values is based on a number of measurements taken on the 
bedding plane. The site names are the same as given in 
Figures 2.3-2.4. 
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Sites Strike, Dip Sites Strike, Dip 
MPl 263°,' 13°N MP4 272°, lloN 
MP2 261°, 12°N MP5 275°, l0°N 
• ~ 
' flw3 273°, ll 0 N 
Petit Jardin Formation: 
Locations: 48° 3l.l'N, 590 5l.8'W (Sites CCl-10) 
soo 38.9'N, 570 14.7~W (Sites PC23-24) 
Sites CCl-10 (See Figure 2.3) were sampled from the 
. ,. 
outcrop at Campbells Cove on the south shore of the Port au 
Port Peninsula, about 3 km e.ast of _ Picadilly Junct~on. The 
rocks are exposed on the shore to the west and east of the 
only creek to flow into the sea at this locality. Sites 
CCl-4 were sampled from the eastern side and CCS~lO from 
the western side of the creeP... The stratigraphic thickness 
covered was 1 m and 16 m respectively. Si tee PC 23-24 (See 
Figure 2.4) are in the Port au Cho:i.x are·a. The ~utcrop is 
in a quarry at the Port au Choix turn-off from the Viking 
trai 1, 4-5 km due east of Port Saunders. The samples ·were 
taken from the western side of the quarry. The 
stratigraphic thickness covered for the two sites is 2 m. 
Tilt correction: 
Sites Strike, Dip Sites Strike, 
-----
Dip 
CCl 270°, 14°N CC4 272°, 14°N 
CC2 273°, 15°N 
-
CCS-10 249°, 18°NW 
/ 
-·- . -· 
CC3 277°, 17°~ PC23-~4 146°, 7°sw 
"/ i ( 
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·a.2 Detailed directions of magnetization 
In the following pages, NRM directions at 2ooc and 
the directions after each st~p of thermal demagneti~ation 
are given for those specimens from which ~ characteristic 
direction was obtained (Tables 3.1-3.2 and 3.4-3.5). Site 
names "March Point", "Camp Cove" in the following 1 isting 
' correspond to MP and CC sites respectively of the --above 
discussion. The directions are given before correcting for 
the tilt. Where applicable in the tables below, "36QOc" 
should be read "37Q0C". 
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APPENDIX B 
OETR_ILED <:.PECII1EH DIRECTIONS 
SITE: MFIRCH POINT-1 SPECI t 1·1Pl-1 
TEMP DEC HK J<At'M> Jt'JH 
20 +1~7o8 + 74o7 4, 77E-4 01.130 
100 +1€·4o2 + ~~ 0 7 3.39E-4 00o71 
280 +16~~8 + ~1.2 . 2.89E-4 E10ot50 
300 +te9o6 + 4~0 3 2.23E-4 00o46 
3~0 + 169o 1 + 44o2 1. 53E-4 eeo.32 
400 +167o1 + 39o7 e. 9sE-~ 00o18 
4~0 +160o9 + 34o2 l:i. 9:3E-~ 00.14 
500 +160o3 + 40o5 5.59E-5 00ol1 
530 +146o0 + 57o6 4o44E-5 e0oe9 
5€.e +231. 9 + 71.2 2.62E-5 00o05 
590 + 43o6 + 50o2 3.93E-5 00o08 
S IT~1ARCH PO I HT -I SPECtl: MP2-A 
20 +130o 1 + 84o2 2.94E-4 01o 00 
300 +164o 9 + 57o3 4o 71E-5 00o16 
350 .+155o 8 + 7eo0 3o 25E-5 e0~11 
400 +264o8 + 30.6 ~o31E-6 00o02 
4~0 +262.7 + 46.7 1. 7:3E-5 eeo (?16 
500 +227.8 - 13.6 2. 24E-5 00o07 
SITE: MARCH POIHT-1 ·=·PECI: f1P3-Ft 
20 +358o8 + 
€9.9 6o87E-4 01o00 
300 +107o9 + 56o0 4.71E-5 00o06 
350 +105o1 + 41.9 3. 45E-5 0eo05 . 
400 + 3o6 + 48o8 1o 34E-5 00o01 
450 + 34o6 + 76o4 2.08E-5 00o03 
500 +240o4 + 22o8 - · 1. 57E-5 e0o02 
SITEs MFIRC.H POINT-1 SPECI: MP4-f1 · 
\ 20 +154.0 + 65o5 ~ 34E-4 01o00 
300 +175.8 + 17 0 6 7.43E-5 00o31 
350 +185o9 + 14o8 6o63E-5 00;.28 
400 +174o7 + 17 0 1 '2o64E-5 00o1l 
· 450 +178o3 + 12o3 3o24E-5 00o13 
500 +197o2 + 19o0 2.25E-5 00.09 
APPENDIX 8 
DETAILED SPECI1'1EN DIRECTIONS 
SITE: MARCH POIH~EC•• MP5-A 
TEt1P DEC INC J ( A/ f'D -- J / JN 
20 +244.1 + 79.0 2.~6E-4 01.ee 
:::<e0 +3~210. ~ + 79.5 6.07E-5 00.23 
::::'513 +274.7 + 73.6 4.'56E-5 00. 17 
4130 +3133.7 + 54.9 1.47E-5 13(:\.135 
450 +:::::::e. e + 38.2 8. ::::9E-6 00.03 
'500 +2~9.'5 + 44.1 1 . 23E-5 00.04 
.:::ITE I f1APCH POIIH-2 SPEC•z MP6-B 
20 + 42.9 + 84.4 6.23E-4 01. (t0 
1013 +147.4' + . 78.!\ 3.49E-4 00. ~·6 
2130 + 1 '54. 13 + 73.9 2.61E-4 00.41 
300 +1'54.6 + 69.8 2.04E-4 00.32 
350 +167.1 + 80. 1 1. 30E-4 00.20 
4013 +130.6 + 77.5 3.93E-5 00.0€ 
450 +350.3 + 84. 1 2.99E-~ 00.04 
50~1 +235.2 + 60.2 6. 18E-6 00.00 
530 +338.2 + 63.4 8.'52E-6 00.01 
560 +::::15.2 + 19. 1 7. 14E-€ 00.01 
590 +:355. e - 1-3.8 1. 13E-5 00.01 
~.I TE: MAPCH POINT-2 SPEC•: J1P7-B 
20 +118. 1 + 89.2 2. 74E-4 01.00 
300 +194.7 + 66.9 4.20E-5 00.15 
350 +1 8 3.2 + ~1.0 2.89E-5 00. 10 
40(1 +203.~ + 45.8 1.10E-5 00.04 
450 + 6.9 + 74.3 1. 96E-5 00.07 
500 + 7.8 - 30.2 2.94E-5 00.10 
~: ITE: MARCH POINT-2 SPEC4t z. t1P9-B 
20 +181.9 + 80.9 1.38E-4 01.00 
300 +1'59. 1 . + '58.0 1.87E-~ ea. 13 
3'50 +125.9 + '52.0 1.38E-5 00.09 
400 + 11. '5 + '58.4 4.50E-6 00.03 
450 +189.6 + 45.3 7.57E-6 00.0'5 
500 +244.8 2.7 1. 11E-~ ee.es 
APPEtiO I:~ B 
DETAILED SPECIMEN DIRECTIOHS 
SITE 1 MARCH POfHT-3 
TEMP 
20 
300 
350 
400 . 
450 
500 
DEC 
+131. 6 
+147.0 
+145. 2 
+129.3 
+ 66.8 
+310.9 
INC 
+ 68.5 
+ 38. e. 
+ 28. 1 
- 30.8 
- 43.3 
- 5?.8 
SITE: MARCH POIHT-3 
20 
3130 
3~0 
.14130 
4~0 
500 
+ ee.1 
+131.8 
+111.9 
+:::.35 .• 5 
+286.0 
'+285. 4 
+ 65.6 
+ 48.3 
+ 49. ~: 
+ 83.6 
+ 1~.0 
- 20.5 
SITE: MARCH POHH-3 
20 +112. 6 
3ee +139.~ 
350 +148. 5 
400 +143. 0 
450 +125. 9 
500 +347. 6 
+ ?2.9 
+ 50.5 
+ 42.5 
+ 41.2 
+ 3?.8 
+ 3.1 
SPEC I 1 f1P 12-1 
J<A/1'1) 
2.07'E-4 
3.~7E-5 
3.05E-5 
4.60E-€ 
1. 37E-5 
7.84E-5 
SPECtt: 11P 13-1 
2.59E-4 
3.31E-5 
2. 62E-5 
1. 99E-5 
1. 95E-5 
7.36E-5 
SPEC.I: MF'14-1 
4.77E-4 
1. llE-4 
1. 01E-4 
~.0€E-5 
·5. 20E-5 
2. 68E-5 
SITE 1 MARCH_ P_O I !-f't-~ _ _ SPEC.I L 11P 15-2 
20 + 2~. 3 
300 +310.9 
350 +279. 3 
4130 + 38.0 
450 + s. 7 
500 +336.9 
+ ?0.9 
+ 8?.8 
+ ?8.7 
+ 57. 1 
+ 6;6 
+ 46.6 
\ 
4.27E-4 
5.81E-5 
4.67E-5 
3.23E-5 
1. 24E-5 
2.68E-5 
J/JN 
01.00 
00.17 
aa.14 
00.02 
90.06 
00. :::7 
01.00 
00.12 
00.10 
130.07 
00.07 
00.28 
01. ee 
00.23 
ea. 21 
00.10 
e0. 10 
00.05 
01.00 
00.13 
00.10 
00.07 
00.02 
e0. l36 
- _l_ - - - - --· -
248 
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APPEHD I :·< e: 
DETAILECt S:F'ECIMEN DIRECTIONS. 
s: I TE: MARCH POIHT-·4 ~-PECI: !•1F' 1-s -1 
TH1F' DEC INC J < R/t1) J/JN 
20 + 26.2 + 62.4 z.e3E-3 €11. 00 
100 + 17.5 + 6'=' .,. ........ 1. 09E-3 ee.~3 
2ee + 33.0 + 43.6 3.67E-4 00.18 
::::00 + ::::9. 1 + 11.0 2.01E=4 00.09 
:350 + 36.5 - 11.9 1.72E-4 l3e. es 
400 + 28.4 - 34.3 1. 35E-4 00.06 
450 + 23.2 ~ 3'5.8 8.97E-5 00.04 
see +::::48. 2 - 75.3 1. 41E-4 00.06 
530 +350.4 - 33.2 4.23E-5 e0.e2 
560 +269.2 + 29.8 1. 27E-4 00.06 
!5:9e + 11. 1 + •15. 5 2.07E-4 ~)0. 10 
SITE: t'lAP.C.H POitH-4 SPECI~ MP19-A 
2€1 . +11;;:.5 + 68.8 1. e.::E-3 0-1. ee 
300 +15.2.8 + 46.0 1. 97£-4 00. 19 
350 +154.4 + 41.4 1.52E-4 e0. 14 
4ee +143.3 ... 38.5 8.40E-5 00.08 
450 + 88.4 + 55.6 2.16E-5 t30. 02 
500 +342.1 + 27.9 4.09E-5 00.03 
~. ITE: MARCH POINT-4 · -:.PECI_: f1P20-1 
20 +113.6 '- . 73. 1 7.80E-4 01.00 
3l30 + 90.8 + 76.4 5.18E-5 130.136 
350 +157.2 + 50.0 5.01E-5 00.06 
4€10 +113.2 + 51.9 1. 38E-5 ee.01 
4'50 +112.2 + 75.8 5.42E-5 00.0€ 
see +331.9 + 19.5 6.82E-5 ee .• 0a 
SITE: f1ARCH POINT-'5 SPECI: MP21-B 
20 .. 35.3 + 76.4 5.915E-4 etl.OO 
1(10 + 2.2 + 71.€ 3.74E,;,...4 00.62 
200 + 9.2 + 74.2 2.01E-4 ae.33 
300 + 11.3 + 77. 1 1. 11E-4 00.18 
350 +:357. 1 + 80.5 5.74E-5 a0.e9 
40€:1 +279.2 + 83.4 2.38E-~ . 00.03 
4'50 +287.3 + 47.5 2. 37E-5 (30.03 
500 +279.€ - 21.1 1. e5e!.s 00.03 
530 +236.'5 + 58.9 1. 10E-4 00.18 
56€:1 +262. 1 + 42.€ 5.98E-'5 00.10 
590 +318.2 4.3 1. 63E-4 . 00.27 
'-. 
250 
F1PPHI[ti:>: 8 
.r \. DETAILED SPECINEN 0 I RECTI ON~; .. 
SITE1 MARCH POINT-~ SPECtt: MP22-2 
' TENP DEC INC J(A/M) J/Jt-.1 
20 + 38.2 + 73.6 3.84E-4 01.00 
300 + 17.~ + 40.3 5. 11E-~ 80.16 
330 + 8.7 + 34.7 3.16E-5 a0. 10 
350 + 10.4 + ~2.8 1.61E-~ 00.05 
400 +351. 6 + 48.6 1. 21E-5 09.03 
'429 +349.3 + 12.9 2. 16E-5 ee.07 
459 + 14.0 + 41. ~ 1. 07'E-~ ~!!e. 03 
SITE1 MARCH POUlT-~ SPECtt: MP23-1 
29 + .33. 8 + 76.7 2.98E-4 01.00 
300 +1~e.e + ~5.4 5.81E-5 09.19 
330 +166.9 + '56.7 4. 12E-5 00.13 
3~0 +159.8 + 53.6 3.63E-5 00.12 
400 +191.9 + 58.7 2.29E-5 00.07 
420 +188.0 + 81.8 1. 93£-5 00.03 
450 +330!9 + 45.4 7.21E-5 00.24 
~. ITE: MARCH POit-lT-5 SPECtt: t-1P25-2 
'· 20 + 72.9 + 74.5 2.71E-4 01. ee 
300 + 26.8 . + 76. 1 ~.27E-5 00.19 
330 + 10.2 + 78.0 4.4.4E-5 ee. 16 
350 + 45.4 + 79.4 3.74E-5 --·0e. 13 
400 + 41.5 + 41.9 1. 80E-5 ee.'e6 
420 +35€:. 9 + 23.9 2.08E-5 00.07 
459 +345. 6 . + 52.0 5.46E-6 00.02 
' 
' SITE1 CFH1P COVE-3 SPECI: CC9-2 
I 
20 +356.3 + 88.3 1.41E-4 01. ee I 
' 100 +353.9 82.4 6.93E-5 00.49 \ + 
\ . 
r 260 +341. 6 + 77.4 . 3.33E-'5 09.23 
I 30e +353.8 + t:.e. 6 · 2. 11E-5 00.14 j 
....I 3'50 ·+330. e + 54.8 1. 36E-5 00.-eSI 
i 400 + 38.7 + 62.0 1. 10E-5 ee.e7 
4~0 +350.~ + 44.5 2.81E-5 ee. 19 
~00 +355. 1 - 64.5 1. 71E-4 01.21 
530 +3~2. 1. + 7. 1 1. 03E-4 00.73 
560 ~. -..: · + 3€1. ( > - 41.6 8.06E-!i 00.57 
251 
APF·ENDI X B 
DETFIILEO SPECI1'1HI D I RECTI Ol..fS 
':;I TE: CAI1P COVE-4 SPECttz CC16-A 
TEr·1P DEC INC J ( A .... M) J."JH 
20 +204.2 + 78.(1 2.42E-4 01.00 
::: ~30 +188.6 + 2121.2 3. 3 1E-~ 00.13 
330 +171.7 + 1.~ 3.00E-~ 00. 12 
::: '5~3 +192.6 - 10.7 2.t>'5E-~ 00 . 10 
400 +181.2 2. 1 3.28E-~ 00.13 
420 +198. 1 .3 1. 18E-5 00.84 
4'50 +170. 1 - 12.0 1.61E-'5 00.06 
: ITE: c:t~~r1P COVE-~ ':.PECtt: CC17-2 
20 + 28.9 + 81.3 8.48E-4 01.00 
188 . + 94.8 + 83.2 4.88E-4 80.~7 
2 00 +112.4 + ~:2.6 3 . 38E-4 00.39 
300 +139.8 + 82.3 1. 62E-4 00.19 
350 +158.7 + 80. 1 8.82E-~ ·- -00.10 
400 +16'5.5 + 67.0 3.29E-5 138.03 
450 +175.4 + 42 . 4 2.76E-~ 00.03 
see +176.0 + '54. 3 1. 78E-5 0e.e2 
5~:0 +291. 3 - 79.1 2.01E-5 00.02 
560 +266. 1 + 11.5 1. 57E-5 00.01 
590 + 1.8 + 13.9 6.80E-'5 00.08 
SITE: CAI'1P COVE-5 SPEC*: CC18-A 
20 +3 20.0 + 7 4.2 '5.63E-4 01.00 
300 +171.9 + 23 . 1 · '5.58E-'5 ee.e9 
330 +178. 1 + 19.8 '5.46E-'5 00.09 
350 +171.2 + 20.7 4.13E-'5 ee.e? 
360 +171.8 + 22.9 3.4'5E-5 00. 06 
400 +169.3 + 25.5 3.02E-'5 .ee.es 
420 +175 .2 + 2 2 .2 2.86E-5 00.0'5 
450 +17'5.7 + 24.0 2.66E-5 130.04 
500 +203.2 + 19. 1 1. 0'5E-5 00.01 
5 30 +204.6 + 29.4 1. 33E-5 130.02 
5 6 0 +346.3 - 513.7 8.'51E-6 00.01 
590 +3'58.8 ·+ 12.2 l. 3'5E-'5 013.02 
252 
APPE~l[l I:«: e 
DETAILED $PECIMEH OIRECTimlS 
c, 
SITE a CAMP COVE-~ ~3PECtt: CC19-1 
TEMP DEC INC J(A/M) J ,I Jt~ 
20 +162.0 + 3~.3 ~-~.2E-4 · e1. 00 
300 +1~9.0 8.3 2.92E-4 00.~2 
330 +1~8.6 8.3 2.49E-4 00.4~ 
3~0 +1~7.3 8.6 2.133E-4 00.36 
360 +1~6.7 7.4 1. 69E-4 00.30 
400 +1~7. 8 ·- 7.2 1.47E..;.4 00.26 
420 +1~6.1 8.8 1.34E-4 00.24 
4~0 . +160. ~ 7.2 1.16E-4 00.20 
~00 ' +1~9.9 
-
14.6 ~.~0E-~ 00.09 
~30 +144.4 + ~.6 4. 0f1E-~ 00.07 
~60 ' +138. ~ - 31.9 2.37E-~ ~30. 04 
~90 + 60.~ 
-
63.2 2. 12E-~ 00.133 
SITE a CAf>1P COVE-~ SPECtt: cc2e.:.e 
20 +177.4 + 34.~ 1.18E-3 01. ee 
300 +178.9 :3.7 7.79E-4 00.66 
330 +178.1 a_.~ 6. 60E-4 , 00.55 
3~0 +178.2 - J 1.' 3 ~- 36&-4 00.4~ ' 
360 +177.~ + i .7 / 4.46E-4 00.37' 
400 +178.2 + ~.6. 3.63E-4 e0. 30 
420 +177.~ + 2- ~ ..... 3.64E-4 00.30 
4~0 +176.6 + ~. 1 3.139E-4 00. 26 
~00 +178.~ + 1~.3 1. 86E-4 00.15 
~30 +196.3 + 30.6 1. 53E-4 1)0. 12 
~60 +189. 1 + 37.3 9.36E-5 00.07 
~90 +184.9 + ~3.6 6. 1 '5E-'5 00.0'5 
SITE a CAMP COVE-'5 SPECtt: CC21-A 
20 +306.8 + 78.0 9.48E-4 01.00 
300 +176.6 + 20.1 1. 03E-4 00.12 
330 +17~.'5 . + 1~. 1 9.25E-~ 00.09 
. ,, 
~ 
350 +180.9 + 14.3 7.'58E-5 00.08 
360 +17~.7 + 22.'5 '5. 13E-'5 . !)0. 06 
400 +166.2 + 20.2 ~.41E-'5 00.05 
420 +170.9 + 20.3 4. 84E-~ · 00.0'5 
4'50 +178.'5 + 24.1 4.61E-~ 00.0'5 
'500 +174.3 + 39.9 2.24E-'5 01). 02 
530 +177.7 + 82.6 1.52E-5 00.01 
560 +321.9 + 43.3 2. 11E-5 1)0. 02 
~~ + 36.4 + 26.3 2.14E- 5 00.02 
253 j 
HPF'ENO I:><: 8 
DETAILED SPECit1EN DIPECTIONS 
SITE: CAMP COVE-6 SPECtt: c•:22-2 
TEMP DEC INC JO:A/M) J/JN 
20 + 49.4 + 79.~ '9. 31E-4 01.00 
11?10 + 91.2 J + 74.6 ~.44E-4 •30. ~8 200 +107.9 + 7:2.6 4.17E-4 00.44 
300 +116.1 + 70.8 2.44E-4 00 • .26 
3~0 . +129 . 0 ... 69.9 1. 2~E-4 00. 13 
400 +14~.0 · + 60.9 ~.e6E-~ (~0. 0~ 
4~0 +144.8 + 67.0 3. 7-9E-~ 00.04 
~00 +141.4 + 47.2 . 2. 18E-~ ~e. 02 
~30 +340.6 48.9 2.~1E-'5 00.02 I -560 +3:21. 7 - ~6.4 l.~lE-'5 130.01 
~90 +3~5.3 + 11.6 ~.67E-~ 00.02 
SITE: CAt'1P COVE--6 ::.PECtt: CC23-1 
20 +161~ + 4~.3 4.02E-4 01.00 
300 +171. 1 9.0 2.21E-4 a0. '54 
330 +170.7 7.8 1. 8~E-4 00.46 
3'50 +172.0 10.6 1.~9E-4 e0. 39 
. ,.. 
36e +170.6 9.0 1. 23E-4 00.30 
400 +172.7 9.0 1. i32E-4 e0. 2~ 
420 +173.3 - 11. 1 9.74E-~ 00.24 
450 +172.0 9.3 8.43E-~ •30. 20 
~00 +173.2' 6.9 ~.27E-~ 0e. 13 
530 +1~1.9 ~.7 2.47E-'5 130.06 
~60 +204.4 - 14.2 1.33E-'5 00.03 
~90 + 1.0 + 36.9 1. 0'5E-'5 130.02 
. 
SITE: CAt·1P COVE-6 SPECtt: CC24-2 
20 +130.4 + 80. 1 2.00E-4 131.00 
30€1 +12'5.2 + 68.'5 3.17E-'5 00 .. 1 '5 
:330 +106.~ + ~a.~ :2.30E-'5 1)0. 11 
3~0 +10'5.7 + '58.2 1.72E-'5 00.08 
360 +1'5:3.8 + 43.6 1.12E-'5 •30. 0~ 
400 +147.0 + '51.7 7.92E-6 00.03 
420 +14'5.9 + ~9.7 '5.33E-6 00.02 
4~0 +14'5.4 + 48.'5 4.36E-6 00.02 
~00 +117.4 + ~3.4 3.91E-6 00.131 
254 
APPEI-IDIX B 
DETAILED SPECIMEN DIRECTIONS 
SITE a CAMP COVE-6 SPECia CC2!5-A 
TEMP DEC INC J(A/M) J/JH 
20 +10~.4 + 8 :3.6 2.11E-4 01.00 
~~ 300 +124.3 + 70.9 2.~3E-~ 00.12 
330 +-127.8 + ~0.7 2. 18E-~ e0 • ./1e 
3~0 +130.3 + 49.2 1. 39E-~ 00.06. 
360 +191.3 + 3!5.7 91. :31E-6 130.04 
400 +276.7 + 73.!5 1. e~E-5 00.04 
420 +183.0 + 22.!5 91.3:3E-6 e0. 04 
450 +26~.3 + 65. 3 ' 6.76E-6 00.03 
!500 . +2!53.2 + 69.91 9.12E-6 00.03 
., 
\ 
·siTE: CAMP COVE-6 SPECI1 CC26-B 
20 +1~2.4 + 23.!5 3.93E-4 01. •30 
'!/ 300 +168.!5. 8.9 1. 84E-4 00.46 
330 +167.6 9.8 1. 4~E-4 •;30. :37 
3~0 +166.4 8.3 1. 28E-4 00.32 
360 +166.9. 9.6 9.90E-!5 130.22 
400 +164. 1 9.7 7.~6E-!5 00. 19 
4.20 + 164 •. 1 9.6 .. ··7. •3!5E-!5 00.17 
450 - +163.2 ~ 6.8 !5.3!5E-!5 00.1?-
!5130 +-164. 1 - 10.6 3.38E-!5 ee. 10 
530 + 910.9 + 30.5 1. 37E-~ 00.03 
560 +119. 7 
-
60.7 a. 133E-6 00. •32 
590 . + 10.7, + 21.0 5.25E-!5 00.13 
SITE: CAMP COVE-7 SPECI: CC.27-B 
20 + 21.7 + 66.6 9. 83E-4 . 01.00 I 
100 + 19.0 + 66. 1 7. 2•3E-4 1)13. 73 
200 + 20.3 + 68.6 5.21E-4 00.52 
300 + 19.7 + 71.6 3. 01E-4 · ee. 3e 
350 + 20.3 + 81.2 1. 33E-4 00. 13 
400 +111. 1 + 85.5 4. S .3E-5 !30.04 
450 + 59.6 + 87.9 2.~6E-!5 00.02 
see + 14.4 + 74.8 2.08E-!5 130.02 
530 +34!5..3 + 62.3 9.13E-6 e0.0e 
~ !5.60 +300.2 + 6.1 1. 134E-5 00.01 .. 
!5.90 +339.2 + 15.4 1. 41E-!5 00.01 
,.. • 
•. 
~ 
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APF'E~ID I~< B 
DETAILED SP~CII'1EN DIRECTimiS 
.. 
SITE: CAMP COVE-? . SPECI: CC29-1 
TEMP DEC , INC J(A/M ) J."J~I 
20 +15.2.4 + 82.2 1 • . 31E-4 01.130 
300 +140.7 + 58.4 2.40E-5 ' 00.18 
330 +1 :35. 2 + e0.a .2. 18E-5 1}0. 16 
350 +158.4 + 54.1 1. 72E-5 00.13 
360 +162.7 + 34.0 1. 35E-'3 '3e.- 1 0 
400 ' +157.8 + 29.? 6.99E-6 00.05 
420 . +125.7 + 48.9 4.43E-6 130.03 
450 +146.6 + 52.3 6.35E-6 00.04 
500 +331. 6 - 42.3 l 1. 27E-5 130.09 
530 +346.4 + 2.6 2.17E-5 00. 16 
SITE: CAMP COVE-? SPECI: CC.30-A 
20 +276 . 3 + 84.5 · 7.69E-4 01. 0~3 
300 +164.8 .6 1.39E-4 (30. 19 
330 +160.? 1.8 1. 22E-4 00.15 
350 +16?.5 2.1 . 1: 10E-4 (30 . 14 
360 +163.0 + .5 9.30E-5 a0. 12 
400 +161. 4 + .3 7 .29E-5 iJ 130.1)9 
420 +162.5 1.0 6.3?E-'3 00.08 
450 +166.7 + 1.6 6.44E-5 ~ 0 .138 
500 +174.7 + 12.3 3.39E-'3 00.04 
530 +164.6 + t-5.4 · 3.'38E-'3 a0. 04 
560 +176.2 ~ . 39.3 2.46E-'3 00.03 
590 +170. 2 ' + 72.3 1.59E-~ 80.02 
SITE: CAMP COVE-? SPECI: CC31-E'--
20 +125.2 + 73.9 2 • . 3 1E-4 01.•30 
300 +16'3 . 1 + 18.9 6.10E-'3 00.26 
330 +164.'3 + 22.5 6.131E-'3 130 • .26 
350 +167.7 + 24.7 4.91E-'3 00. 21 
:360 t170. 1 + 15.0 4.81E-'3 ~z,0 . 2 0 
40~3 +157 .5 
-*--23. '5 3.48E-5 00. 1 '5 
420 +1'50.4 + 16.8 .2.44E-'3 (30. 10 
4'30 +137. 8 + 15.9 2.'58E- '3 00.11 
'300 +189. 9 - 1.6 1. i38E-'3 00.04 
530 +193 . 3 + 28 .2 9.31E-6 00.04 
560 +301. 9 
-
48.9 4.06E-'5 00.17 
590 +328.9 
-
69.3 7 . 91E-5 00. 3 4 
-- · 
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APPENDIX B 
DETAILED SPEEIMEH DIRECTIONS 
. 
SITE a CAMP COVE-8 SPECtt: CC32-B 
' TEMP DEC IHC J(A/M) J, .. 'JH 
20 +136. 2 + 79.2 7.97E-4 01.130 
1"~ +1~~- 6 ·+ ~4. ,7 4.97E-4 e~.61 
200 +160.0 + 39.4 4. 10E-4 ee.s1 
· ·3ee- . +'161. 2 + 22.2 3. 26E-4 00.40 
3~0 +160. 1 + . ~- 7 . 2. ~5E-4 00.31 
400 +163. ~ 4.4 2. 39E-4 130.29 
~ 4~0 +161.2 . 6.0 1.65E-4 00.20 
~ee +161 • ., . 4. 1 9. 92E-~ 00. 12 
. ~30 +1~6. 2 + 22.9 3. 12E-~ 00.03 
. ~60 +149.0 14. 1 1.66E-~ ee. 02 + 
.. ~90 + 8~. e + '18. 3 1.60E-~ ee.·e2 
' ~-
'SITE 1 C-AMP CO'lE-9 . :5PECtt: CC3-3-A 
20 +128. ~ . + 86.2 6.80E-4 - 01.00 
300 +1-3~. 9 + 4~.9 . Le9E-4 ee. 16 
'330 +138, 8 + 37.8 9. 46E-~ ea. 13 
3~0 +144. ~ + 3e.e 9.15E-~ ~30. 11 
360 +136. 1 + 33.1 4.05E-5 00.05 
·"'00 +139. e + 29. 1 3. 41E-~ ee.05 
420 +138. ~ + 33.0 3. 46E-5 00.05 / 
' 
450 +139 • ., + 27.5 3.29E-~ 00.04 / f. ' 500 +102. a + 1~.4 1. 42E-~ 0~ . 8~8 + 95.2 + 4~.8 1. 73E-~ 0 • ~ .. ._( 
560 + 51,.0 + 37. 1 4. 12E-~ :0.0€ 
598 + 19.6 + 31.8 3. 38E-5 e. ~~4-
\ , 
' SITE• CAI'IP COVE-8 - SPECtt: CCZ4-A 
20 +157.8 + 63.2 7. 99E-4 e1. ~3e 
. 300 +166. 6 2.1 4. 78E-4 00.59 
330 +169. 6 3.3 4~43E-4 013.5~ 
350 +171.9 4.0 4.16E4 ee.s2 
360 +172.D - 4.7 3. 71E..-4 ~30. 46 
400 +171-.6 4., · 2. 51E-4 00.31 
429 +171.'3 4.(' 2,31E-4 00.28 
450 +170. 1 3.3 2. 27E:-4 ee. 28, 
590 +169. 7 - 12.4 1. 71E-4 00.21 
~ 539 +160.; 1 6.3 1. 06E-4 00. 13'--
560 +139. 6 27.0 5.31E-5 0e. e6 
590 +120. 3 + 3~-~ 6.07E-5 00.07 
. . .. 
I 
..... . 
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APPEHOIX B 
DETAILED SPECIMEN DIRECTIONS 
SITE: CAMP COVE-S SPECtt: CC3~-A 
TEMP OEC IHC J<A/M) J/JN 
20 +164. 1 + 47. 8 . 2. 91E-3 01.00 
300 +164.'5 9.5 ~. 11E-3 0\3.12 
330 +162.9 9:2. 1. 79E-3 00.61 
350 +163.5 9.1 1. 69E-3 oe.ss 
360 +162. 5 8.7 1. 4.0E-3 013.4? 
400 + 164.3 .7. s 9. 08E-4 00.31 
420 +162. s 7.2 e. 39E-4 00.28 
450 +162.6 6.9 8. 48E-4 00.29 
see +164.8 6.4 6. 07E-4. 00.20. 
53e +161.9 6.2 4. 78E-4 ee. 16 
560 +155. 1 7.6 1. 44E-4 00.04 
590 +150.6 5.8 7. 21E-~ 013.02 
SITE: CAfo1P COVE-9 SPECtt: CC37-Ft 
20 +192. 2 + 84. :3 9. 7'9E-4 e1. ~3e 
100 +182: . 2 + 71.3 5. 55E-4 00.56 
200 + 182.2 + € .3. 3 3. 72E-4 •30. :3T 
300 + 179.7 + 55.2 1. 79E-4 ee. 18 \ 
350 +171. 7 + 39.5 7. 9 :3E-S t30. 138 
400 +164. 1 + 19.5 4. 85'E-5 00.04 
450 +16~. 0 + 41.4 2. 4SE-S . ~30. 02 
see +227. ~ + 27.3 6. S9E-6 00.00 
530 +31S.:a - 72. 9 · 1. 13E-S •3e. 01 
560 +27e. 2 - 58.0 2. 42E-S 00.e;: 
590 + :33"\. 9-. - 20.4 3. 67E-S •30. 0.$ 
I 
\ 
SITE: CAr·1P COVE-9 SPECtt: CC38.-1 
' ' ~ 
20 +341.5 + 79.2 3. 70E-3 01. ~30 
300 +172.6 + 7.9 S. 72E-4 00. 1 s 
330 +171. 3 + 8.8 4. :~9E-4 . t30. 13 
350 +171. e:· + 9. 1 4. 96E-4 00. 13 
360 . +168.6 + 10.2 4. 40E-4 •)43. 11 
400 +170. 6 + 13.7 3. 62E-4 00.09 
420 +173.0 + 15.7 3. :33E-4 00.08 
·'· 
450 +171. s + 14.4 3. 3SE-4 00.09 
500 +172. 4 + 17.'5 2. 98E-4 00.-ea 
5 30 +168.5 + 20.8 2. '52E-4 00.0€ 
560 +167.8 + 26.4 1. '52E-4 !30.04 
598 +138.1 + 1 s-. 1 9. 86E-'5 00.0? 
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DETAILED :5PEC Ir1EH Ct!F;ECT10NS 
SITE: CA1'1P COVE-10 SPEC:tt: CC42~A 
TE~1P DEC INC J(A/M) J.'JH 
20 +184.0 + 74. 1 1. 09E-3 01.00 
1130 +188.0 + 31.0 7.63E-4 se. 70 
200 +18'5.1 + 17.8 6.88E-4 ee . .::.3 
300 +182.3 + 12.~ ~.18E-4 130,. 47 
350 +175.~ + 8.3 3.58E-4 ee -:.-, . "''" 
400 +177.9 + 3 7 o I 3.25E-4 t)0. 29 
450 +176.6 + 10.0 2.29E-4 00.21 
~e0 +181.2 + 12.~ 1. 87E-4 l)e, 17 
~30 +181. 2 + 20.~ 1. 20E-4 00. 11 
~60 +1815.8 + 1€.3 9. :35E-'5 ee. e9 
~90 +207.9 + 26.9 6.11E-'5 00.05 
., 
SITE: CAMP COVE-10 ::.PEC.tt: CC43-A 
20 +172.0 + 21.7 1. -e€E-3 01. ee 
:300 +177.5 15.2 7.59E-4 •30. 71 
330 +17€.1 6.3 7.22E-4 00.68 
:3!50 +176.2 6.0 6.58E-4 !)e • .::1 
360 +177.1 5.7 6.17E-4 00.58 
400 . +177.0 '5.7 ~. t513E-4 1)13. '52 
420 +17~.6 ~.2 5.03E-4 00.47 
450 +175. 6 . 4.7 4.41E-4 130. 41 
· ~00 +17'!a. 0 + 3.7 . 2. 3'5E:.4 00.22 
530 +174.3 + 7. 1 ·1. 83E-4 • ee. 17 
560 +18~.3 + 41.3 ~.€6E-'5 00.05 
590 +320.3 + 36. 7. 7.e2E-5 t30. 07 
SITE: CAMP COVE-113 SPECtt: CC44-1 
20 +154.1 + 29.8 l.•37E-3 01. ee 
300 +1'54.4 - 12.8 6.73E-4 00.62 
330 +1~~.4 - 12.6 6. 5 .3E-4 ~e. e1 
350 +1~'5.1 · - 12.2 6.27E-4 00.5:: 
:360 +157.0 - 12.6 ~.75E-4 •30. ~3 
400 +1'54.€ - 11.7 5.27E-4 00.49 
420 +15'5.0 - 11.5 4.'52E-4 00.42 
450 +155.8 - 11.51 4.13E-4 00.38 
'-
500 +1'54.'5 €.8 2.48E-4 ·-(30. 23 
530 +153.7 I €.~ 2. 14E-4 00.20 
560 +1~1.9 6.5 1. 139E-4 ee. 10 
590. +178.9 6.4 2.64E-'5 . 00.02 
~) 
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' 
DETAILED SPEC I MEt-~ DIRECTIONS 
SITE: CAMP COVE-10 SPECtt: CC4~-A 
.), TEMP DEC INC J<A.·'M:O .J / JN 
20 +3~3.~ + 79.4 1. 47E-3 01.00 
300 +1~a. ·a + . .6 1. 99E-4 1313. 13 
- 330 +1~9.~ 1. 3 1. 98E-4 00. 12 
-
+ 
3~0 +1152.0 + 1.7 1. 8 :3E-4 130. 12 
360 +161.7 + 2.8 1. 62E-4 00.11 
400 +1~8.8 + . 1. 1 1.47E-4 t30. 09 
420 +1~9.4 + 3.2 1. 2~E-4 00.08 
450 +1~7.9 + 2.7 1. 22E-4 130.08 
~00 +1~3-~ + 12.3 .7. 08E-!5 00.04 
!530 +1~2.4 + 4.0 6. 21E-5 130.04 
~60 +1~8.7 2.8 4. 68E-5 00.03 I 
~90 + 12.0 + 1.0 €. :39E-5 80.134 ~ " 
SITE 1 CAMP COVE.;..10 SPECtt: CC46-1 
I ) 
20 +105.7 + 8~.7 5.03E-4 01.00 I 
300 +169.2 2.5 1. 13E-4 00.22 \ 
:330 +172.7 5.2 l.e..::E-4 1313.21 
350 +163.2 4.3 1. 23E-4 00.24 .._ : · 
360 +165.5 7. 1' 1.01i:-4 1313.20 
400 +166.3 4.2 8.53E- 5 00. 16 
. 420 +168.4 4 . 4 7. 79E-5 00. 15 
450 +168.4 i >3. 8 5.8~E-5 00. 11 
500 -f·179. 4 ~ 1.1 4.30E-5 0e.0a 
~30 +179.0 + 6.5 4. e7E-~' 00.08 
~60 +182.3 - 11.3 2.t39E-5 00.04 
~90 +31 3 .7 - . 13.6 I 5.31E-~ 0e. 10 
SITE: PC-23 . SPECttt PC 111-A 
20 + 30.8 + 57.3 2.52E-3 01. ee 
100 + 9.9 + 61.2 1. 74E-3 00.69 
200 +3~5.4 + 36.3 3.13E-4 ee. 12 
250 + . 6 7.8 1. 76E-4 013.86 
300 3.2 23.1 l .47E-4 00:-0s-
- - - -
+ 
-
330 + 8.3 - 24.6 1. 38E-4 130:05 
350 + 1.2 -34. 0 1.22E-4 00.04 
360 '+ ~.3 36.7 1. '27E-4 ee.0~ , 
400 . +3~9.9 3 9.7 1. 05E- 4 00 ~ 04 
420 + .a - 36.4 S. ISSIE-~ 00.03 
450 + .4 - 46.8 4.18E-5 00.01 
500 +:328.4 + 27.9 1.67E-!5 00.130 
I 
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DETAILED SPECII'1EN OIF:ECTIOHS: 
SITE: PC-23 SPEC*: PC 112-A 
.. 
TEt-1P DEC INC J(A/M) J / .JN 
20 + 56.9 + 61.0 3. :3~3E-3 et.ea ;,., 
100 + 39.8 + 67.8 2.4~E-3 00.64 
200 + 3.7 + 26.7 4o60E-4 130. 12 
2~0 + 1.9 - 10.0 3o24E-4 00.08 
300 + o9 - 28.9 3o11E-4 1313. ~38 
330 + 1.7 - 33.2 2.88E-4 00 . ~7 
3~0 +3~7.0 - 33.6 3o04E-4 · aeoe7 
360 + o9 - 34o3 2.~3E-4 00.06 
400 + 6o 1 - 37.4 · 2o19E-4 ee. 0~ 
~20 +3~8o7 - 37. 1 1·o 92E-4 00.0~ 
4'50 +355o5 - 41.4 1o 2 :3E-4 !30o03 
~00 . +315o3 + • a. 3o22E-~ 00.00 
.:-: 
SITE: PC-23 :5PEC*: PC 112-1-A 
20 + 62.8 + 72.9 2.13E-3 01 : 00 
100 + 31.3 + 78.4 1o 53E-3 013.71 ' 
200 + 2.8 + 70.2 4o04E-4 00. 1 :t 
250 + 1 .. 7 + 65. 1 2.34E-4 •30. 113 
300 . +3~5. 8 + 52.7 1.29E-4 00;e6 
., 
· :330 +343. :3 + 33.!5 6.~3E-~ (30. 03 
350 +331.7 + 25.2 5 . 82E-5 00.02 
1-
:360 +339.5 5o53E-~ e0.e2 \ · + 14.9 
400 +324o4 6.3 5.52E-5 00.02 
420 +342o'5 6o3 2o87~-5 00ol31 
450 +345.8 + 28.9 7.22E-5 00.03 
SITE: PC-23 SPEC*: PC 11 :3-A 
' 20 + 60. 1 + 78.9 2o00E-3 01.00 
100 +34'5o6 + 76.9 1. 33E-3 00.66 
200 +330.3 + 60.9 3.37E~ 00.16 
2'50 +33 4o :3 + 46.8 1 o 81 E- 4 130.09 
300 +343.2 + 32.0 1. 12E-4 00.05 
330 +341o 9 + :3.6 6.90E-'5 00. ~33 
350 +336o3 + 1'5.2 7o5SE-5 00.03 
360 +3'54o9 + ~.4 6. 62E-5 00.03 
400 +310o5 11.0 '5.'53E-'5 00.02 
420 +344 0 1 - 7.0 ·2. 9.3E-~ 00.01 
450 +348 .0 + 7. 1 3o07E-5 00.01 
t 
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DETAILED SPECIMEN DIRE;CTIONS 
SITE a PC-23 SPECI: F'C 114-A 
TEMP DEC INC J(At"M> J.··'JN 
20 + 37.9 + 86.0 2.29E-3 1211.00 
100 +334.2 + 76.7 1. 5eE-:3 ~Je. 65 
200 +3!53. ~ + ~4.8 3.88E ... 4 00.16 
250 +356.~ + 40.9 2.33E-4 00. 10 
300 +3!58. 1 .2 1. 35E-4 00.05 
330 + 4.2 - 17. 1 1.26E-4 e0.e5 
350 •+ 1.1 - 20.4 1. 30E-4 00.05 
360 + 2.1 - 19.5 1.07E-4 00.04 
400 +3!56.8 - 36.9 5.76E-5 00.02 
420 + 3.7 29.8 4.76E-5 ae. ~32 
450 +3!58.2 - 16.6 3. 52E-5 00.01 
SITE a PC-23 SPECI a PC 115-1 
20 + 69.7 + 70.3 3. 40E-3 01.100 
1130 + 11.3 + 71.5 2. 30~:h 013. 67 
200 +343.6 + 53.8 6. 58E-4 00. 19 
2'50 +3 ... 0.7 + 38.8 4.13E-4 ee. 12 
3~0 +342.8 + 5.8 2.47E-4 00.07 
330 +342.9 
-
3.9 ·2. 40E-4 ea. ~37 
3~0 +344. 1 
-
18.9 2.32E-4 00.06 
360 +343.9 20.2 2.06E-4 ee. ·36 
400 +34€.2 
-
30.7 1. 26E-4 00. 0 .3 
·420 ' +346. 9 - 29.4 8. 6 -3E-5 !313.82 
4'50 +342.6 - 26.9 5.98E-5 00.01 
SITE: PC-24 SPECI: PC 116-A 
20 + 38.3 + 74.1 2.96E-3 01.00 
· 100· +3'58.2 + 79.9 2.1SE-3 130.72 
200 +33'5.€ + 65.3 5.32ET4 00. 17 
250 +3:3'5. 9 + 60.9 3. 47E-:-4 130. 11 
300 +341. 6 . + 52.6 1. 56E-4 · 00.0'5 
330 +339. 1 + 46.8 1. 32E-4 ~30. 1}4 
3'50 +336.6 + 46.6 1• 22E-4 00.04 
360 +339.3 + 40. 1 9.04E-5 00.03 
400 +338.7 + 26.2 5.04E-5 00.01 
420 +343.4 + 42.6 3.82E-5 t3!3. 131 
4'50 +332. 1 + .3 2.43E-'5 00.00 . ·.
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DETAILED SPECif·1EN DIRECTIONS 
SITE: PC...;24 SPECit: PC 117-A 
TEMP -DEC INC J< A.-'M) · J,-'JN 
20 + 35.5 + 59.~ 4.31E-3 01.00 
100 + 29.2 + 67. 1 2.97E-3 00.68 
200 +356.0 + 68.€ 6.99E-4 00. 16 
250 +350.9 + 67.2 4.94E-4 130.11 
300 +330.9 + ~7.9 l.~~E-4 00. 03' 
330 +324.~ + 56.4 1. 59E-4 00.03 
350 +334.9 + ~8.3 1.~eE-4 00.03 
360 +332.0 + ~2.4 1.~r5E-4 80.03 
400 +326.~ + 49.6 7.02E-5 00.01 
420 +337.8 + 43.3 '5. 79E-5 00.01 
450 +300.8 + 26.3 3.27E-5 00.00 
SITE: PC-24 ~::.PECit: PC 118-A I!. 
20 + 15.3 + 68.0 3.36E-3 01.00 
100 +350.2 + 71.6 2. 18E-3 00.64 
200 +333.3 + 69.6 5.14E-4 00.15 
250 +325.5 + 66.9 3.62E-4 ee. 10 
300 +330.~ + 58.3 1. 47E-4 00.04 
-330 +3~.9 + 48.8 ' L27E-4 ee.•33 
3~0 +338'. 2 + ~6.~. 1.1~E-+- · · ·00.03 
360 +335.3 + 46.7 1. 04E-4 1)0. 03 
4010 +339.8 + 46.€ 6.04E-~ 00.01 
420 +329.9 + 34.9 4.49E-S 00.01 
4~0 +321.1 + 22.2 3.28E-5 00.00 
SITE: PC-24 SPECtt: PC ,119-B 
20 + ~9.2 + €8. 1 3. llE-3 01.00 
100 + 23.2 + 73.6 1. 94E-3 00.62 
200 +356.3 + ~9.8 3.51E-4 00, 11 
250 +3"55.3 + 49.2 2.48E-4 00.07 
300 +354.0 + 22.1 9.86E-S 00.03 
330 +351.7 + 10.-5 8.:BE-S 130.132 
. 3~0 +354. 1 + 3.9 9.08E-5 00.02 
:t60 +349.1 7.1 8.r51E-S 00.02 
400 +343.5 - 21.€ 4.44E-5 00.01 
420 +340.3 + 6.2 4.51E-5 ·~0.01. 
4~0 +332.3 21.7 2.64E-5 00.00 
I 
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APPENDIX C 
SAMPLING LOCALITIES AND DIRECTIONS OF MAGNETIZATION -
ST. GEORGE GROUP 
C.l Sampling localities: 
Isthmus Bay Fo,rmation: 
I 
Locations: 490 32.6'N, S8° 44.3'W {Sites !Bl-S) 
sao 47.7'N, S70 4.7'W {Sites PCl-4) 
sao 4S.6'N, S7° 9.7'W (Site~ PCS-6 
and PCSA-6A) 
Sites IBl-~ are from an outcrop called "The Gravels", 
loca~ed about 2 km west of the Isthmus on the south shore 
of the Port au Port Peninsula. The other two localities 
listed above are in the Great Nocthern Peninsula. Sites 
PCl-4 were sampled from diagenetic dolostones exposed about 
7.S km south of Doctor's Brook. According to a proposed 
revised stratigraphy (I. Knight, personal comm.), this 
exposure belongs to the Watts Bight Formation which is 
Lower Tremadoc (Lowest Ordovician) in age. Sites PCS-6 and 
PCSA-6A were sampled from the interbedded limestone and 
syngenetic dolostone strata exposed at Oldman's Cove, about 
l km north of Eddies Cove West. This belongs to the Boat 
Harbour Formation of the proposed revised stratigraphy, and ' 
is Middle to Late T~emadoc in age (!. _Knight, pers. 
comm.). Samples were taken from both the limestone and 
_dolostone beds. 
26S 
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Tilt correction and stratigraphic thickness: 
Sites ntrike, Dip AEErox. thickness 
IBl-5 24S0 , l7oNW s. 5_ m 
PCl-4 237°, S0 NW 3.S m 
PC5, 6 I . SA, 6A ao, ao 4 m 
' ! 
Catoche Formation: 
J . 
Locations: 480 3a.8'N, S9° a. 3 'W (Si-tes PHl..:.. S) 
... 
sao 43.2'N, 570 22.l'W (Sites PC7-ll) 
sa0 43.a'N, 57° 22 . 5'W (Sites PC12-14) 
Sites PHl-5 are located about 6.5 km from Picad:Hly 
Junction on the southshore of the Port au Port Peninsula 
and characterize the Middle, mainly subtida l limestones of 
the St. George Group. Sites PC7-ll are limestones and 
Sites 12-14 are diagenetic dclostones, both located close 
to the town of Po~t au Choix in the Northern Peninsula. 
Tilt correction and stratigraphic thickness: 
Sites Strike, Dip Approx. thickness 
PHl-5 7 m 
PC7-14 · 1370, 3m {PC7-ll); 8.5 m (PC12-14) 
Aguathuna Formation: 
Locations: 48° 33.7'N, 58° 46.3 ' W {Sites ~Ql-4) 
500 22.5'N, 57° 31.7'W (Sites PC19-22) 
Sites AQl-4 are exposed in a quarry 2 km west o f The 
Gravels along the north coast of the Port au Port 
Peninsul~. In this localiti, in addition to the Aguathuna 
Formation, Middle Ordovician (Table Point Formation) and 
.· 
Mississipian (Codroy Group) strata, all separated by 
: 
unconformities, are expose~. Str,ata belonging to the 
Aguat~una Formation represent the upper dolomite beds of 
the St. George Group, overlain unconformably by the dark 
limestones of the Table Point Formation. 
Sites PCl9-22 ~ere sampled at Table Point in the 
Northern Peninsula (Figures 2.1, 2.4), about 6.3 km north 
.. 
of Bellburns where a c!ek flows into the ocean. Here 
about 500 m of continu s shoreline section representing 
the upper part of the S . George, and of lower parts of the 
Table Head are exposed. 
Tilt correction and ·Stratigraphic thickness: 
Sites 
AQl-4 
PC19-22 
Strike, Dip 
i74o, •lBow · 
Approx. thickness 
13 "' 
12 m 
C.2 Detailed directions of magrietization 
Thermal demagnetization results after each 
'.:l 
demagnetization step are listed below for those specimens 
from which characteristic component(s) were isolated and 
were discussed in Chapter 5. The listing scheme is the 
same as under Appendix 8,2. 
\ ; 
• 
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DETAILED SPECIMEI'I DIRECTIONS 
SITE 1 181 SPECIJ 181-B 
TEMP DEC INC J<AI'M) J/JN 
.. 20 +1,0. a- + 42.1 3.90E-4 01.00 
100 +169.9 + ~.1 3.01E-4 00.79 
200 +174. ~ 2.9 3. 12E-4 ee. 82 
300 +176.2 ~-~ 2.69E-4 ' 00. 70 
3~0 +17~.4 6.2 2.49E-4 130.65 
400 +178.3 8.~ 1. 88E-4 00.49 
4~0 +176.1 6.9 1. 64E-4 00.4:3 
see +179.4 7.~ 1. 29E-4 00.33 
~30 +179.~ 
-
6.3 1. 17E-4 00.39 
~60 +182.7 6.4 1. 02E-4 00.26 
~90 +169.0 ~.8 ~...a6E:=-~ ee. 1~ 
620 +163.4 + 11.9 4.6~E-5 00.12 
6~0 +328.4 + 6~.~ 7.30E-6 00.01 
680 +24~. 0.· + 14.2 2.22E-~ ·00. 0~ 
I 
SITEs 181 SPECis 182-A 
• 20 +174. 1 + ~4.6 1. 67E-4 01. e0 
100 +171.6 ~ 47.7 fllt30E-4 ae.77 
200 +170.2 + 10.4 1. 36E-4 00.81 
300 +172.9 + • 1 1.19E-4 • 00.71 
3~0 +172.8 2.2 1.11E-4 00.66 
400 +166.0 - 23.0 ~.13~E-~ ee. 30 
4~0 +112.4 
- 16.~ 3.84E-~ 00.22 
~00 +180.2 - 20~7 2 • .96E-~ e0. 17 
.. 
~30 +164.~ 
- 24.8 4.34E-~ 00.2~ 
~60 +186.4 
- 39.3 2.12E-~ 00.12 
~~0 +187.7 7.4 3.62E-~ 00.21 
620 +217.8 3~.2 2.B8E-~ · e0. 12 
6~0 + 1.1 - 38.3 ~.00E-6 00.02 / 
680 + 6~.~ + ~-3 1. ~0E-~ ee.e9 
----
' 
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DETAILED SPECIMEN DIRECTIONS 
SITE: I81 SPEC I: I83-C 
TEMP DEC IHC J ( Fl/ 1'1 :; J/Jt-l -
20 +14~.9 + 71.2 3.e2E-4 01.•30 
100 +1~8.6 + 19.~ 1. 07E-4 00.3~ 
200 +166•9 6.9 1. 08E-4 e0. 3~ 
300 +166.7 - 14.~ 1. 07E-4 00.~~ 
3~0 +16~.6 - 1~.6 9.94E-~ 00.32 
400 . +168~ 4 - 17.€ 7.69E--s 00.2~ 
4~0 +171. 1 
-
11'. 5 6.~1E;...~ 130 • .i!l . 
~00 +170.4 7.3 4.97E~~ 00. 16 
~30 +171.1 
-
19.9 ~.0~E-~ e0·. 16 . . 
~60 +174.7 1~.'8 4.64E-~ 00. 1~ 
~90 +164.2 
- 30.0 4.93E-~ ea. 15 
c " 
620 +163.2 
- 26.1 3.19E-5 00.10 
6~0 +1~6.0 
- 36.0 4 ,. 70E-~ 00.1~ 
680 +187.7 + 28. 1 2.07E-~ 00.06 
I81 SPECI2 184-A ... 
+ 41.1 8.79E-'5 01.00 
+1 9.~ + 8.9 9.80E-~ 01. 11 
+18-· 7 2.7 1. 04E-4 01. 18 
+180~ 9.6 9. 38E-5 01.06 
+180.·1 9.~ 8.81E-'5 01.00 
\• +.184.6 - 1~.9 6.97E--s 00.79 +182. - 13. 1 6.00E-~ 00.€8 
+186.6 
-
14.4 3.3~E-~ ee. :3e I 
~30 +187.~ 
-
14.~ 3.96E-~ 00.4~ 
~60 ,t179. 8 1~.4 3.· 7SE-~ 00.42 .·. ( ~90 +191.0 ~ ~.1 2.~7E-~ 00.29 I 620 +212.~ 
-
41.~ 3.1'5E-~ •30. 3~ 
6'50 +180.2 + 40.2 1.06E-~ 00.12 
, 
680 + 48.~ + 7~.1 9-.41E-6 ee. 10 
'> 
• 
,. ' 
.. . 
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DETAILED SPECif'tEH OIRECTICtHS 
SITE: IB1 . SPECiz IB7-2 .. t 
~ 
TEMP DEC INC J<A .... 'M) J / Jt-l 
20 +136.9 + '53.4 9.44E-~ '" e1 .ee 
100 +1 '52. 0 + 28.7 7.90E-~ 00.83 
:200 +1~6.2 + 15.0 7.84E-~ 1)0~83 
~ 300 +1~6. 2 + 10.~ 6.97E-'5 00.73 
350 +1~6. 9 + '9. 3 ~.:3~E-~ 00.61 
400 +159. 9 +' ~.4 4.46E-'5 00.47 
4~0 +1~8.0 + 7.3 3.20E-~ 00.33 
~00· +1~6.1. + 7.2 1. ~7E-~ 00. 16 
~30 ' ,+162.9 + 4.~ 1. 44E-~ •)0. 1 ~ 
"'5€0 +161.7 + 1.7 1. 47'E-~ 00. 1~ 
590 +224 .• ~ '5'5.2 6.4SE-6 ~30. 1)6 -
.. 
-
.. 
SITE: IB1 SF'ECI: I88-1 
20 +174.0 + 7.2 3.1~E-4 01. 1)0 
100 +173. 4 3.8 3.~0E-4 01.10 
200 +17'4.8 7.6 .3. 47E-4 Ell. •39 . 
300 + 1 7'~:. 2 . 9. 1 2.97E-4 00.:?0 
:350 +17~. 1 .a. 1 2. 17E-4 ee~r:;e 
400 +1 7'4. 4 7.9 1. 37E-4 00.43 
450 +173. 9 '5.2 6.31E-~ ~30. 19 
~00 +174. 3 - 14. z 2.77E.;.'5 ee. ee· 
~30 +179. 6 8.7 1. 78E"-~ e0.e~ 
~60 +194. 0 - 27.9 1. 34E.-~ 00~.zt4 
~90 +:320. e 3. 1 2. 19E-6 ee. •30 
\ \ 
SITE: IB::: SF'ECI: zes--c 
•\ 20 ·+ -14.9 · + 80.2 ~. 13E-4 •31. 00 
100 +146.9 + '53'. 9 9.6~E~'5 00. 18 
-~ 200 +1~8. 2 - 19.8 '.:;. 11E~~ ~30. 11 
300 +1 ~9.1 - ' 37.7' 8.42E-'5 ee. 16 
350 -+: 16'5. 9 - 33.2 ~- 26E-~ •30. 1 e 
400 +163.3 44.0 6.4~E-'5 00. 12 
450 +167. 7. ~J. ~ 4.90E-'5 00.09 
~00 +172 .• 3 ~'5.9 4. 23E-~ 00.08 
. ~30 +1~8. 8 - 70. 1 3.94E-~ 00.87 
~60 +212.6 - 84.9 3.0~E-~ 00.0~ 
~90 +.313. 6 - 71.8 1. 1 '5E  t:J0. 132 
620 +34€.3 69.0 1. ~~E-~ 00.03 
. ' 
\ 
. . 
' 
APPENDIX C 
OETA I LED SPEC I t1EH 0 I REC T I ON$ 
-SITEa IB~. SPECI: IB11-Ft 
TEMP 
., 
20 
100 
200 
300 
3~0 
400 
4~0 
~00 
~30 
~60 
~90 
620 
DEC 
.• 1€. 6 
+1!5.0. 6 
+163. •7 
+163.4 
+164. 8 
+166 •. ~ 
+163. 6 
+16~. 3 
+1€1.9 
+16~. 6 
+3~~-~ 
+349. a · 
IHC 
-+: 77.0 
+ . ~4.8 
+ ~e. 1 
+ 1.~ 
.7 
+ 4. 4 
+ 4. 7 
+ 9.2 
+ 2~. 0-
+. 21.3 
+ 63.€ 
+ 40. 1 
JO:A/M) 
4.78E-4 
1. 34E-4 
~. 7~E-~ 
·:> 9. 41E-5 
e. 16E-~ 
6. 60E .... ~ 
4.37E-~ 
3. 72€-~ 
2. 90E-~-
1. ~3E-~ 
9~12E-6 
6.9SE-6 
· SITE: IB4 SPEC I : I B 1 3-A 
20 +127.7 
100 +162.2 
200 . - ··+163. 3 
300 +166. 4 
3~0 +170.8 
400 +170~1 
4~0 +170. 7 
500 +173.' 1 
. ~30 +171. 4 
~60 +349.9 · 
~90 +180. ~ 
620 +168. 6 
+ 66. 1 
+ 39.6 
+ 27.9 
+ 13. 3. 
+ 10.9 
+ 3.0 
.· + 6. 2 
+ ~-2 
+ 6.6 
+ 22.3 
+ 2. ~ 
• 1 
2.71E~4 
1.91E-4 
1. 69E-4 
1. ~9E-4 
. 1. ~2E-4 
1. 28E-4 
1.12E-4 
7.63E-~ 
7. 12E-~ 
1. 29E-~ 
4. 18E-~ 
3.23E-5 
SITE: IB4 SPECI: I B 14-·C 
20 
100 
200 
300 
3~0 o 
400 
4~0 
~00 
530 
560 
590 
620 
6~0 
690 
• 
+151.9 
+1~4-. ~ 
+167.0 
+168. a 
+169.2 
+171. ~ 
+172.6 
+178; 6 
+179.4 
_+197. 3 
+144.6 
+1:36.~ 
+212.8 
+169.3 
+ 71. 9 · 
+ ~2.0 
+ ' 14.0 
+ 3.0 
+ • 1 
- 9. 1 
- ~.4 
- ~- 6 
- 11.7 
- 19. ~ 
+ 26.3 
- 10. a 
+ 70.~ 
- 38.4 
1. 93E-4 
1. 2'5E-.4 
1.18E-4 
1. ~35E-4 
1. 03E-4 
4.60E-~ 
2.77E-~ 
3.2'5E-5 
3.9'5E-~ 
3.91E-~ 
2.73E-~ 
1. 97E-5 
1. '50E-5 
1. '58E-5 
J/.JH 
01.00 
00.27 
00.20 
00.19 
00. 17 
-00. 1:3 
00.'219 
ee.e7 
00.0€ 
.e0.03 
00.01 
el3.e1 
'"e1.130 
00.70 
~30. 62 
00.58 
00.5'5 
00.47 
130.41 
00.28 
130.26 
00.04 
e0. 1 '5 
00.11 
01.00 
80.64 
0e. €1 • 
ee.'54 
00.53 
00.23 
00. 14 
e0. 16 
00.20 
e0. 19 
00. 14 
1313.10 
00.07 
•3e. as 
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.. DETAILED SPEC I 1"1E;~t DIRECTIONS ~ 
SITE: IB4 SPEC .. : re1~-c 
~ 
TEI"1P DEC INC J<A . .-'M.) J/JI-l 
20 + :36.9 .:+ ~e. e 3. t32E-4 t31. •313 
tee + .::~.a + 65.4 1. 27E-4 00.42 ..._ 
200 -t-110.9 + 49.3 6. :3~E-~ ee. 20 . I 
300 , +136.0 + 7.6 4.67E-~ 00. 1-~ 
350 +144.9 + 1.3 3.SI:3E-~ ~0~13 
'400 +1351.1 - 19. 1 3.31E-~ 00 • . 10 . 
. 4!50 +139.9 6.9 2.61E-~ ea. es 
~00 +139.~ 26.4 6.92E-6 00.02 
~30 +17~.3 - 1~.~ 3.9:3E-6 00.01 
SITE: U34 SPECtt: IBt€-1 
20 + 17.2 + 67.4 ~.68E-4 ~1 .13e'-
~ -100 + 93.0 + 71. e 1.82E-4 ee. ~:2 
I 200 +112.4 +, 66.6 ' 1. 1:3E-4 •313. 20: 
300 +134.~ + 36.6 6.1SE-5 00. 10 
. 3!50 +139.4 + 31. e !5.66E-5 t30. 1)9 
400 +138.8 + 31.0 3 .. 8~E-5 00.06 
4!50 +1'53.6 + 21. 1 2.:97E-5 •30. 0~ -
~00 t192.6 38.6 7.~5E-€ , 00. 01 
530 / +199. 1 + 68.3 .. 6. 47E-6 ee. ~31 
/"? , 
SITE: IB4 SPECtt: IB1€A-1 
" 
20 + 27.1 + 76.1 3.12E-4 .~3 1. ee 
100 +138.3 + 74.2 1.17E-4 00.37 
200 +1~1.8· + 6@.7 a.29E-~ 00.26 
300 +1'56.4 + 46.9 5.9!-E-~ 00. 18 
3!50 . +162.~ + 39.2 4 .. 63E~5 00. 14 
:~ +~5~.5 + 34.8 3.02E-5 00.09 +170.3 + 37.2 . 1. 9~E-5 00.06 
500 +159.8 + ~7.6 1.20E-5 00.03 
530 +152.2 + 80. 9, 7.71E-6 ee. 02 
560 .+182. 6 ..., 36. 3 2.67E-6 00. ee 
~-
... 
·=-:c 
\ 
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APPE~~DlX c 
DETAILED SPECit1£N DIRECTIONS 
SITE 1 . IB!i SPECtt: 1817-A 
TEMP DEC INC J(A/M) .J/JN 
I 20 +143. 7 + 48.1 1. 10E-3 01.00 
100 +1!i0.9 + 33.!i s.~eE-4 ee.se 
200- . +160. 1 + 21.9 9.!i9E-4 00.77 
300 +162.9 + 16.0 e. 16E--4 130.73 
3~0 +164.6 + 14.~ 7.38E-4 00.66 
400 +164. 1 ·+ 13.!i 6 •. 30E.-4 e0.~7 
4~0 +16ti.!i + 12.6 3~~9E-4 00.32 
!i00 +166.4 + ~.-e 4.66E-5 . 90.04 
530 +173.~ 2.7 ~lE:-5 · 00.02 
!i60 +17!i.6 29.!i 1. 61E-5 (30.01 
!i90 +180.6 24.3 2._~E-5 00.01 
620 + 4!i. 6 - 691.5 1. 71E-5 . (30.01 
6~0· +274.6 .6 2. S!iE-5 00.02 
SITE: IB!i . SPECtt: IB19-A 
20 +130.4 c 6~.4 9.S0E-4 01.00 
100 +~48.4 . 43. e 7.23E-4 ee.73 
200 "+153. 3 · ···22...- -1 6.~3E-4 . 00.70 
300 +154.2 + 16.7 6. :31E-4 130.64 
3~0 +t!4. 6 + 17. 1 5.10E-4 00.~2 . 
400 +154. 1 + 16.4 3.17E-4 00. :32 
450 +1~~.7 + 20.2 4. l!iE-5 00.04 
500 +163.7 + 17.7 3. 48E-!i oo.e3 
530 +183. 4 + 37.9 1. 89E-!i 00.01 
!i60 +185. 2 + 32.6 8.14E-6 1313. ~30 
' 
lj 
\ SITE a IS~ SPECtt: IB19-A " 
.. 
20 +118. 1 + ~4. 1 1. 08E-3 e1. ee 
100 +138. 7 + 35'".~ 8. 46E-4 00.78 
200 +144.3 - + 22.3 7.88E-4 e0:72 
300 +148. 1 + 17. 1 1. 65E-4 00.7e 
350 +147. 7 + 15.2 6.58E-4 e0.6e 
400 +148.9 + 1~.0 ·5. 46E-4 00.se 
450 +152.3 + 14.6 2.88E-4 00~26 ( .. 500 +158.7 ,+ 1~.7 6. ~6E-5 00.06 
530 +166-. 1 + 7.2 4.74E-5 (30.04 
560 +15~. 4 + 8.1 ... 2.24E-5 00.02 
590 +143. 7 + .!i 1.89E-5 00.01 ' 
620 +142.3 + ~9.5 3.11E-5 00.02 
650 +335.9 19.2 1. 33E-5 e0.e1 
' 
'. 
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APPENDIX c 
' ' 
OETAILEO ~;PEC I MEt-! DIRECTIONS 
SITE: IS!~ SPECi :· · I 820-B 
.. 
TEMP OEC IHC · J<A/M) J/JN 
f 20 +12~.2 + 48.2 1: 24E-:3 01.80 
100 +142.0 + 36.8 1. 09E-3 00.er. 
200 +147.6 + 23.6 · t-. ·e6e-3 ee.e5 
300 +149.4 + 18.0 9.98E-4 00.80 
3~0 +1!10·. 2 + fS.~ 8.15E-4 00.65 
400 +1~1.2 + 18.7' 6.49E-4 00.~2 
. ' 4~0 +151.2 + 21.3 2.53E-4 1)0. 20 ' 
~00 +157.6 + 39.4 6.45E-!i 00.0~ 
530 +.J47. 2 + 48.3 5.16E-5 ta0.04 
' 560 +147~6 + !10.4 4.70E-5 ' 00.03 ... 
590 +171.6 + 55.7 4.53E-!i 00.03 
620 +128.0 + 3~.9 5.99E-!i 00.04 
650 + 18.3 + 19.0 1. 133E-5 00.00 .. 
! 
q 
SITE: PHl SPECis PH2-1 
20 + 70.7 + 72.7 5.43E-4 01.00 . '. .. / ) 100 +120.1 + 64.8 1.94E-4 00.35 
200 +148.0 + 18.2 e.· 71E-!i e0. 16 
300 +1!13.7 14.2 9.83E-!i 00.19 
350 +157.9 10.5 9.57E...,.5 ea. 17 
400 +16~.9 - .' -- ~ 6.2 7.02E~ 00.12 
450 +163.4 7.1 5.11E- 00.139 
500 +162.3 9.9 4.08E-~ 00.07 
\ 530 +165.4 2.9 ·3.38E-5 00.06 560 +190.4 - 20.8 9.78E-6 00.01 . "" 
590 + 26.1 - 71.4 1.13E-5 00.02 
SITE: PH1 SPECI: PH4-A 
20 +117.3 + 71.1 4.1~E-4 · 01. ~0 ) 
100 + 99.9 + 66.2 2.37E-4 00.!1Z 
200 +113.2 + 42.6 1. 01E-4 e0. 24 · 
300 +123.2 + 6.0 . 7.58£-5 00. 1e 
·350 +132.3 + 8.1 6.66E-!i 0e. 16 
• 400 +134.6 + 16.9 2. 93E-~- 00.07 
450 + 7'~.9 + 30 •. 4 4.62E-6 00.01 
500· +359. 3 . + 34.2 4. l .!iE-6 00.01 
530 + 1.4 6.2 4. 5.5E-6 00.01 
560 + 36.9 - 5~.4 8.13E-6 00.01 
590 + 10.0 + 43.4 2.01E-5 00.04 
-•' ....  
,. 
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,.. . ' 
DETAILED SPECIMEN OIRECTIOt-4S 
II> 
SITEs PH2 SPECI: .PH5-1 
• 
TEMP DEC INC J<A/M) J/~TN 
20 (a~ ... 82.1 . 1. 87E-4 ~ 01.00 
100 +13~:0 ... ~5.~ a. 90E-~ I . 00.47 
200 +147.3 ... 32.3 6. 61E-!5 . .. I ee,. 3~ 
300 +14SI.3 ... 22.~ 4. 93E-~ 00.26 
3~0 +149.8 ... 26.3 4.07E-~ ee. 21 
• 400. +149.~ ... 2~.3 2. ,~9E-~ 00.}-2 
4~0 +1~2.0 ... ~0.9 1. 0~E-~ 00.05 
~00 + ~2.2 ... 7a.7 3.91E-6 00.02 
~30 +1~3.a ... 67.a 6.3~E-6 00.03 
-
~60 +127.9 ... 12.0.- 4 .• 38E-6 00.02 
~90 +3~8.4 
- 21.6 ~.64E-6 00. €12 . 
SITEs PH~ SPEC I: 'PH7-1 ,. 
) 20 ... 64.0 ... 82.0 2.~6E-4 01.00 tee +148.0 + 70.0 1. 42E-4 00.~~ 200 +1~~.0 ... 43.'0 9.9eE-~ 00.38 
300 +1~6.0 ... 22.0 a. 4f1E-~ 00.32 . 
3~0 +160.0 + 2~.0 3.72E-~ _ oo·. 14 
400 +164.0 ... 1~.0 6.49E-5 00. 2~-
·· ----· ------- ... 4~ 
----'Floe. 0 + 3~. -a-- ·· 2. e8E.;;;."5 -------- oo ~ es-· 
~ee +17~.0 
·• 7~. 0 7.8~E-6 00.03 ( 
SITE1 PH2 .. - .:SPECII PHS-A 
20 +107.2 + ~8.6 7.09E-4 01.00 
100 +124.4 + ~6. 7 4.92E-4 ee.€9 
200 +13€.3 ... 34.9 3.~9E-4 ee.~e ~ 300 +141.2 .... 20.0 3.33E-4 00.46 
3~0 +143.a ... 19.6 . 3.09E-4 00.43 
400 +14~.0 + 19.6 2.60E-4 00. 36 , 
,4~0 +14~.6 ... 21. 1 1. 41E-4 00. 19 
~00 +149.7 + 18. 1 2.3~E-~ 00.03 
~30 +.101. 3 + 40.1 9. 94E-6 00.01 
~60 ... 19.8 + 37 • .e 1. 29E-~ ea. 01 
~90 +3~3.9 • ~2.4 9.17E-6 00.01 
'· 
1 • . ...... 
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DETAILED •SP!::CIMEN DIRECTIONS ...Do 
SITEs PH3 SPECI :• PH9-1 
TEMP- . DEC INC J <A.-'M) .J/JN 
20 +120.€ .. + 68.~ 1. 74E-'l( 01. 00 .. -- / 
100 +143.8 ' ~2.9 1. 04E-4' - 130.~9 + 
200 +160.7 + 27'.4 S.04E-~ 00.46 
'300 +161.~ + 1~.9 6. 1;E-:-~ 1)0. 3~ 
400 +1€1.~ + 16.0 ' 2.S2E-~ 00. 16 ·. 
4~0 +17'0.0 + 16.~ 1. 42E-~ •30. 08 
~00 +129.6 47.3 2.39E-6 00.01 
SITE: PH3 SPECI: PH9-1 
. 
-
20 +120.6. + 68,. ~ ·1. 74E-4 01.00 
' 100 +1"43. 9 + ~2.9~ 1..04E-4 e0.~9 
200 ' +160.7 + 27.4 8.04E-~ .00. 46 
3130 +161. ~ + i~.9 6.125-~ e0 • . :::~ 
400 +161. ~ + 16.0 2.82E-~ 00. 16 
4~0 +170.0 + 16. ~ . 1. 42E-!5 e0.e8 
~00 +129.6 47.3 2.39E-6 00.01 
~ __ $ITE L.PH3-.-~Ec.J : . .. ~J:u!1~e-
.. 
20 + 99.3 + 68 .. 2 2.1~E-4 01.00 
100 +101. 1 + 6~.7 1. 39E-4 00.64 
200 +12~. ~- + ~8.2 9.€2E-~ 00.44 
,, 300 +131.6 / + 43.2 6.46E-~ 130.30 
3~0 +129.-5 + 34.3 ~.08E-~ · 00.23 
400' +12~.1 + 32.6 3.27E-~ .. 130.1~ 
4~0 +124.9 + 37.8 2. 02E-!5 - 00.09 
!500 + 66.0 + ~2.7 6.42E-6 •30.132 
SITE: PH3 - ~;PECI: PHll-1 
20 + 7.9. 7 + 76·. 2 .2.63E-4 131.130 
100 + 7!5.9 + 73.1 1. 87E-4 00.71 .. 'l .. 
200 +10~.0 + 60.8 1. 30E-4 130.49 
2~0 +119. e + !54.2 9.97E-!5 00.37 
300 +124.~ + 39. 1 8.93E-~ ee. 33 
I 3!50, +132.0 + 30.4 6.74E-'5 00.2!5 400. +129.9 + 22.3 ~.07E-!5 e0. 19 
4~0 t138.8 + 69.8 2.41E-€ 00.00 
!500 +137.2 + 86.0 4.97E-6 <30.01 
I 
\ 
" I / ( 
~ \ ./ 
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. ~PECiMEN DIRECTIONS .. OEl'AILEO 
. 
SITEs PH3 SF:>ECtts PH12'-2 
._, 
TEMP DEC . ~NC .J(A/M) J/JH 
20 +141.2 + '~.2 2.03E-4 01.00 
"' 
100 +147'.7 + ?0.6 1. 43E-4 00.68. 
200 +149.7 + 60.8 9.10E-5 00.43 ---~ 300 +150.5 + 45.6 6.52E-5 00.31 
3!50 +150.9 + 34.3 5.13E-5 ee.24 
400 ' +145.3 + 33.8 . 3.59£-5 00.17 
4!50 +156.2 + 38.6 1. 91E-5 00.09 \ 500 + 30.7 + 64.0 5.39E-6 00.~ · 
SITE: PH4 :;PECtt: PH13-1 
20 +13!5.2 + !53.9 2.98E-4 01.00 
100 +135.4 + 50.9 2.13E-4 ee.73 
2.00 +14!5.3 + 38.6 1.64E-4 00.515 
300 +144.4 + 2!5.7 1.32E-4 00.45 
3~0 +147'~8 + 20.3 1. 07'E-4 00.37 
400 +143.9 + 21.0 6.62E-5 .. 90.22 
450 +144.9 + 24.0 · 5.00E-5 ., 00.17 
500 . +167.7 + 46.3 6.65E-6 e0.e2 
SITE: PH4 SPECtt: PH14-2 
.. 
20 +1~0 • . 1 + 62.7 2.~6E-4 EH. 12h3 
100 +1€2.1 + ~5.1 1. ~3E-4 ee. 70 
200 +149.1 + 34.1 1. 22E-4 00.56 
300 · +145.2 .+ 19.7 1 ~ 06E-4 00.49 
3~0 +149.7 + 21.2 9. 1SE-5 90.42 
400 +1<1\7.3 + 22.0 5.93E-5 00.27 ~ 
4!50 +148.2 + 22.5 3. 85E-5. .130. 17 
500 +144.4 40.5 8.83E-6 00.04 • + ---, 
;. 530 +129.3 + 69.6 5.67'E-6 00.02 
• 
SITEs PH4 SPECtt: PH1~-2 
20 +137.6 + 68.7 2.20E-4 e1. i3e 
100 +139.8 l. + ~7'.8 1. 60E-4 00.72 
200 -+i-~6. 1 + 36.9 1. 25E-4 00.56 
2~0 +141. 5 + 27~6 1.10E- 4 00.49 
300 +140.6 + 18.3 1. e5E-4 00.47 
350 +141 • .1 + 22.0 8.13E-5 00.36 
400 +140.7 + 18.5 "- 22E-5 130.28 
450 +138.8 + 16.7 4.46E-6 00.02 
• 500 +180.0 + S5.4 2.l9E-6 ee.ee 
-, , 
""' 
"' 
' 
.. 
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I 0 ' OETAid~O SPECIME~1 OI RECTI OHS .. 
. . '-
- SITEr PH~ SPEC*: ' PH19-J .~ TEMP DEC INC J(A/M) J/Jt-~ . 20 +108.6 . + -~3. 0 1. 97E-3 01. •30 
100 +129.9 + 43.1 1. 46E-3 00.73 
200 +139.~ + 2~.9 1. 21E-3. 00.61 
250 +,140.4 ... 1~.2 1. 14E-3 '0Q.~7 
300 +t42.1 + i0.·9 t. 09E-3 · 130.!5~ 
3~0 +14~.3 + 10.1 9.3~E-4 00 • .47 • 400 . +14~.1 + 10.0 6.21E-4 ~30. 31 
4~0 +1~0.2 · + 10.0 7.~7E-~ 00.03. 
~0e +13~ .. 7 . 30.9 ~. gJE-6 ee.e0 
I' ... . 
SITE: PH~ !sPEC•: PH20-1 
20 +106.3 + 49.2 1. 66E-3.,.i · \ 01. 130 108 +130.9 + 39.0 .1. ·2~E-3. 00.7~ 
. 200 +139.8 + 21.~ 1. 11E-3 00.67 
300 -+144. f!( + 11. 1 1. 05E-3 00.63 
·-3~0 +146.0 + 9.3 9. 81E-4·- t30. 59 
400 +149.0 + 9 ? .... 8.12E-4 00.49 
4~0 + 1 '50·. 3 + 6.2 2. 96E-4 013.17 
~00 +160.9 +· 3.9 7.67E-5 00.04 
~30 +1'56.9 . 9. 2 4.16E-'5 00.02 
~60 +133.~ + 3. 0 ~ 2.69E-'5 00.01 
SITE: AQ1 SPEC•: AQ1-B 
20 +~30.9 + 77.2 f.72E ..... 4 01. 0e 
, '--~ 100 +143.0 + 69.4 2.813E-4 t313. '59 2,00 +150. 9 . + 46.7 1. 65E-4 00.34 
300 . +161..0 -. -+ 30.0 1.31~4 !Je. 27 3~0 . +1~7.9 27.7 9.27E ~ 00.19 .. 
400 +1'59.9 + 23.9 ~. 06 ~ 00.10 
4,0 +1~3.2 + 17.0 .3. 49E-~ 00.07 
~00 +160.2 + 3.0 t 9. 96E""6 t30. 02 
~30 ·+168. 8-- -.:t.. 21. 1 6.95E-6 00.01 
~60 . +163. 8 · + 24.~ 4. 02E-6 '' 00.00 
---,. 
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DETAILED SPEClMEH 0 I RECTI 01-~S 
~ SITE: AQ.l SPECttt AQ2-A 
TEMP · DEC INC J ( A/f-1 ) J/JN 
20 +108.0 + ~0.1 6.61E-4 131.1~ 
100 +102.~ + 6~.9 . 3. 9~E-4 00.60 
200 +1~3.2 + 49.4 1. 8-I!)E-4 ~30~ ·29 
300 +160 ... 1 + '31. 6 1. 28E-4 00. 19 
3~0 +1~9.4 + •271. 1 1. 26E-4 e0. 19 
-40~ +1~4.7 + 31. l a. 00E-~ · 00. 12 
4~0 +1~7.2 + 4~.~ \.36E-~ 130.02 
~00 +12~.~ + 72.9 6.88E-6 00.01 
SITE: A01 SFEC4t: AQ3-B 
20 + 9.2 + 72.8 1.38E-4 01.80 
tee + 19.4 + 70.6 1. 01E-4 130 0 72 
200 +1~7.7 + ~8.4 4.43E-~ 00.32 
300 .. +15~.6 + 3~.1 2.37E-~ 00. 17 
35~ +15~.9 + 32.0 2.46E-5 00. 1? 
'",~ I 400 +149.0 + 24.9 1. <:'0E-~ e0. 10 
' 
450 +150.6 4 - 1.2 9.33E-6 00.0€ 
~00 - +118.0 47.1 ~.07E-6 00.03 ~ 
530. +20€. 2' + 41.6 6.55E-6 ee. 04 
-~68 +247.8 + 1.9 7.'5'5E-6 130. 13'5 
. ~90 +237.3 + 60.3 1. 29E-5 · 00.09 . 
"\ 
SITE: AQ1 SPEC4t: A04-0 
iQ 
20 +100.7 · + 52.0 4.83E-4 01.00 •/ 
100 + 87.8 + 58.8 3.26E-4 ee. 157 · 
"' 200 +136.0 + 36.7 1 . 68E-4 00., 34 
300 +144.5 + f 23.3 1.'5'5E-4 t30. 32 
350 +14~.5 + 21. 1 1. 49E-4 00.30 
400 +143.8 + 19.0 1. 12E-4 ee. 23 
4~8 +147.2 + 1~.8 3.,42E-5 00.07 
5130 +1~7.-8 13. 1 1. :31E-'5 0e. e2 
530 +165~ 1 + .2 e. 51E-€· ·. 00.01 
· 560 + 48.~ + 32.9 5.27E-6 130.01 
·590 +268.2 + 17.4 ~.97E-6 00.e1 
.. 
' . -:>. 
, . 
I 
' / 
• 
... 
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'-
DETAILED SPECIMEN DIRECTIONS 
' 
SITE: AQ3 SPECtt: AG!9-A 
TEMP DEC ', INC ..J(A/f1) J/Jt-~ . 
20 ' +133.8 + 34.5 '1 ... 10E-3 ' 01.00 
~.00 +143.3 .+ 37.2 8. 10E-4 . 00.;73 
200 +146.~ + 28.3 · 7 ~ 30E-4 ee . .s.s 
300 +151.3 + 21.~ 6.4~E-4 .. 00. ,8 
:3'50 +1'53.4 , . 21. 1 4.61E-4 00.41 
40'3 +154.2 + 24.5 9.40E:-~ 00. 08. 
4'50 . +1~8~3 . + 27.1 ~.~3E-~· ee.e~ 
see +182.2 +, 38. ~ 8.88E-6 00.00 ll 
~30 +204.1 + 68. 1 3.34E-6 ee.e0 
~ 
~ 
.. 
. 
SITE: AQ3 SPECtt: AQ10-1 . 
. 20 +1~0.2 + 28.9 1.2~E:-3 0i.l30 
tee +1.48. 9 + 30.7 9.02E-4 00.72 ~ 
200 +147.4 + 24.3 8.3!5E-4 00.67 
300 +1.55. ~ + 18.2 . 7.!58E-~ 00.61 ... 
:350 +155.1 + 17.7 ~- 81r-4 ' 130.47 . . .fJI • 400 +1~4.0 + 19.4 1. 61 -4 00.13 
4'50 +158,2 + 20.~ l.l34E-4 00. l38 
500 +143.3 + 28.8 1.18E-S ee.e0 
530 +165.6 + 57'.1 3.<i9E:-~ e0~ee 
SITE i. AQ3 SPECtt: AQ11-A \ ,, 
~ 20 +138.~ + ~0.7 .. 9.S8E-4 '01. ee 
100 +143.2 + 42.5 7.69E-4 • ee. 77 r 
200 +143.S + 29.6 6.90E-4 00.69 
• 300 +146.~ + .23.7 " 6.~3E-4 00.6€ 
3~e .+148. 6 + 22.2 4. 97-E-4 0e~'e .. . . 
400 \ +148. 2 •• 28.8 1. 53E-4 00.15 
"4~0 ' +149. 7 + 25.4 ~.81E-!5 00.06 
~00 +.116.3 . + 2~.8 . ~. 37E-6 00.00 
530 + 14.5 + 66.7 7 . ·~35E-6 13e. e0 
5€0 + se. 1 . - 49.2 3.65E-6 ee.ee 
') 
• - , 
() 
~ 
~ 
" 
.. 
~ 
. . 
. "' 
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DETAILED SPECIMEN 0 I PECT IONS 
SITE: AQ3 SF'ECtts AQ12-B 
TEMP DEC INC .J<A.,.~1) .J/.Jt-l ... 
20 t13~.3 + 3~.0 1. 35E-3 01.~ae ' 
. 
1 '30 +147.9 + 3~.6 1. esE-3 ee.77 
200 +-149. 9 + 28.2 <9.86E-4 00.73 
300 +1~4.1 + 21.7 9.19E-4 1)13. 69 
3~0 +1~2.2 + 21. 1 7·. 47E-4 0e.s~ 
400 +1~3.6 + 21.0 2.96E-4 130.21 
4~0 +1~~.8 + 23.5 1. 68E-4 00. 12 
~e0 +1~6.3 + 42.3 2.4eE-~ ee •. e1 
~30 + 1.6 - 16.7 8.48E-€ 0e.ee 
"' 
SITE: AQ4 SPECtt: AQ13-A 
20 +136.9 + 46.3 1. 28E-4 e 1. et1 
1 '30 +150.3 + 41.0 9.~1E-5 ee. 74 
200 +157.0 + 29. ·1 e.03E-'5 00.62 
3a0 +161.9 + 18.5 7.27E-'5 ee. ~6 
3~0 +162.1 + 11.3 6.14E-5 00.47 
4ae +1~~-1 + 14.3 3.47E-'5 130. 27 
450 +161. '5 + 11.5 2.91E-'5 0€1.22 
~e0 +161.3 + 10.0 1. 74E-~ 0e. 1 :3 
530 +149.9 + 24.7 9.24E-6 00.07 
~60 +1132.9 1.'5 7.23E-6 1313. 0'5 
590 +13'5.0 - 23.5 9.83E-6 00.et6 
620 + 19.9 
- '54.9 ~.'52E-6 1)0. 07 
SITEs AQ4 SPECtts AQ 1 '5-B 
20 +141.1 + 67.0 1.36E-4 01.00 
100 +1'5'5.3 + 36.3 7.94E-'5 00.~8 
200 +1'56.9 + 23.6 6.41E-'5 t30. 47 
300 +1'5'5.4 + 21.6 ~.31E-'5 00.38 
3~0 +160.0 + 20.3 3.96E-~ 00.29 
• 400 +1'54.2 + 30.0 1. ~n E-'5 00.13 
-·~ 4~0 +lli1 + 2'5.7 1. 6'5E-~ ee. 12 500 +1€6 ..... + !8.4 1. 01E-5 00.e? 
~30 +13'5 0 + 2~.9 6,32E-6 ~e.e4 
~60 +1'5 .6 + 14.3 7~30E-6 e0.e5 
~90 + 74.1 . + '57.6 7.73E-6 e0. 135 
620 +21'5.0 •• 1 '5. 1 ~.€3E-6 00.04 
" . 
. . . 
\ 
APPENOI:><: C 
DETAILED SPECIMEN DIRECTIONS 
....... 
SITE: A04 SPECI: AQ1€-C 
" 
TEt'1P .., DEC INC J ( A/ t'1 > 
20 +150.0 + 74.3 1.41E-4 
100 +1~~.9 + 37.6 7. 69i:-5 
200 +157.8 + H3. ti- ?.~HE-:;; 
:300 +1~3.9 + 113.9 6.5~E-S 
3~0 +161.8 + 11. .1 3.79E-~ 
450 +161.0 + 9.7 . 1. 73E-5 
~00 +137. 1 + ,3. 4 ·s. 97E-6 
'530 + 10.5 24.6 1. S8E-6 0 
5€0 +1 '50. 4 3.6 7.46E-6 
590 +124.7 + '5.2 . '5.:?1E;6 
.. . 
' SITE: PC1 J , SPECit: PC 1-1 ,-, 
ti 
~20 +35:3 .. { .1 + 81.8 3.75E-4 r 
100 + s. 1 + ~- -. II:· ( • ..; • 2.60E-4 
1 .... 2EU3 _ 
.., 19. :3 + 47.9 1. 03E-4 
300 't 12.7 1 -:-- - 6.42E-'5 . -
350 + 1 e. 1 2.8 6. (3::!E-S 
400 + 8. 9 + 26. 1 2. :?.:::E-'5 
450 + 11.5 + 29~ 1 '1.72E-S 
500 + 4. ~: + 66.€1 5. 10E-6 
·:;r TE: PCl SPECits PC3-A 
I 
20 + 22.8 + 67.5 7.78E-4 
:30~ + 27.7 '5.8 1. 2'5E-4 
3'50 + 31.0 - + .,. ':' ' . ·-· 6.69E-'5 
400 + :3'5. 7 + 29.7 3. 130E-'5 
450 + ~ ~ ~ ·-''=· • !;) + 60.7 1. 51E-'5 
·:;I TE: PC 1 SPECit: PC4-A 
20 + 1.9 
:3130 + 26.0 
350 + 24. 2' 
400 + :32.8 
4~0 + 3 3 .7 
J 
+ 
-
-
-
70.2' 
18.~ 
18.4 
2'3.8 
6.8 
8.40E-4 
1. '50E-4 
9.92E- '5 
2.7'5E-'5 
1. 43E-'5 
J.·'JN 
131. (1(1 
. (h3. ~4 
00.52 
00.46 
00. 2€-
~~e. J 2 
00.04 
130.131 
00.05 
1)13. 134 
131 . 1313 
ee. 69 
BQ. 27 
00. 17 
(30. 115 
00.0€ 
1313. (14 
ee. o 1 \ 
01.00 
00. 16 
ee. 08 
1313. 03 
ee. 01 
01.00 
130. 17 
ee. 11 · 
1313. en 
00.01 
284 
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~ DETAILED SPEC It1EN DIRECTIONS 
• SITEs PC2 . SPEC•: PC6-1 
., TEMP DEC n~c .] ( A."M) .J/.JN 
20 + 1.1 + €5.7 5.96E-4 01.00 
100 + 3.7 + ~9.9 4. 73E-4 130.79 
200 + 12. 1 + 33.~ 1. 99E-4 00.33 
300 + 14.2 - 20.0 1. :35E-4 130.22 
350 + a. "6 - 21.7 1. 29E-4 00.21 
400 + 25.0 + 3. 1 3.52E-5 ~13. (~5 
450 + 32.0 + 11.9 1. 71E-5 00. e2 
500 + 9. 1 + 61.3 ~.6!3E-6 1)(3. 130 
r 
I 
., SITEs PC2 SPECI: . PC8-A 
20 + 23.~ + 79.0 5.91E-4 131. 00 
300 + 5.4 
- 25.0 1. 94E-4 00.32 
350 + .3 - ·26.6 1 ,67E-4 130. 28 
400 +342.2 - 25 .6 7.92E-5 00. 1 ~: 
450 + 5.6 + 4.S .4. 75E-5 130. 138 
SITE: PC2 SPEC!t: PC9- A 
,. 
20 + . 7 + '58.7 4. :36E-4 01. e0 
300 + 3.8 
- 14.3 1.37E-4 00.28 
. 350 + 2.2 14. 1 9.82E-5 130. 2 0 
I 400 +357. 1 + 2.9 
' 
3.26E- 5 00.06 
450 + 4.~ + 29.1 2.62E-S 00.05 
SITEs PC2 SPECI: PC10-A I 
20 +356.8 + 6•3. 5 4. 77E-4 01. 130 
300 + 16.0 - 9.4 1. 05E-4 00.21 
3~0 +. 17 . 8 
- 5.6 6.137E-5 130. 12 
400 + 24.1 + 20.7 2.47E-5 e0.es 
450 + 45.2 + 39.9 2.26E-5 130. 1:)4 
• 
.. . 
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OETAILEO SPECIME~I DIRECTIONS 
SITE: PC3 SPECtt: PC 11-8 
TEt'1P DEC HIC J<A/M) J,··· .TN 
20 + 9.9 + 68. l 9.6'5E-4 01. 00 
100 + 16.9 + ~9.2 7.18E-4 00.74 
2~30 + 28.5 + 42.9 2.86E-4 00 . .29 
.300 + 34. 1 - 10.5 (._ 1. 56E-4 ee. 16 
:3~0 + :.28.3 - 1 7'. 1 1. 513E-4 1)0. 1 ~ 
4€10 + ~7.4 + :.25.0 4.89E-5 00.05 
450 + 7'5.:.2 + 40.7 3.!38E-~ e0. ~3:3 
.. 
\ 
500 + 49.8 + 78.9 1. 51E-5, 00.01 
.. 
I 
~::I TE: PC3 SPECtt: PC 1..3-8 ' 
• 
20 + 9.4 + 65.8 4.48E-4 01. ae 
:?.eo + 15.0 - 30. 1 9.47E-5 1313 . .21 
350 + 9.8 - :.25.0 7.~4E-5 e0. 16 
4~30 + 11.9 - 22.4 3. 24E-5 !)13. 137 
450 + 15.8 27 .. 2 1. 06E-5 00.02 
/ 
SITE: PC:3 ~;PEC tt: PC 14-A 
20 + 35.€ + 56.6 4.54E-4 e 1. 0e 
:3ee + 27'.8 - 34.9 1.36E-4 .:K~. 313 
350 + 19.0 - .28.9 9.92E-5 ee. 21 
400 + 31.4 - 14.2 3.4.3E-5 1)0. (\7 
450 + 60.3 2.8 9.28E~€ ee.e2 
~;I TE c PC3 . SPECtt: PC 1 ~-2 
20 + 64.4 + 7'6.€1 1. 03E-3 01. ee 
:3e0 + 29.0 23.2 1. 57E-4 00. 1 ~ 
3~0 + 26.9 - 21.3 1. 26E-4 ee. 12 
400 + 47.8 - 11.8 4.24E-!5 1)0. 134 
450 + 81.8 + 4. 1 2.04E-~ 00.01 
SITE z PC4 SPECtts PC 1 :?-A 
4 
20 +352.9 + 67.7 6.87E-4 01. e0 
300,. + 18. 1 - 27.7 1. 42E-4 00.20 
3~0 + 15 .. 7 - 26.5 9.~E-5 00.14 
4e0 + 25.3 - 14.7 3.35E-5 (~0. '34 
4~0 + 38.9 + ~ ....... 1. 26E-5 00.01 
.. 
,., 
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DETAILED SPEC I MEt-~ DIRECTIONS 
SITE r PC4 SPECtt: PC19-2 
TEMP DEC INC J<A/M) J/JN 
20 . + 29.9 + ~9.~ - '-3. 86E-4 e1. 13e 
300 + 9.1 
-
43.0 1.26E-4 00.32 
3~0 + 2.4 
-
39. 1 9.16E::-~ 90.21 ( 
400 + 3.3 
-
28.7 4.37E-5 0e-. 11 
4~0 + 9. e . 
-
13.9 2.24E-5 e0. ~35 
SITE 2 PC4 SPECttJ PC20-A 
20 +326.4 + 70.-9 1.1'5E-3 ~31. ~30 
. 300 + 31.4 17.2 1. 69E-4 00. 14 
3~0 + 36.2 
-
14.5 1. '34E-4 13'3.139 
400 + 39.0 - 16.5 5.55E-5 00.04 
450 + :32.5 
-
17.7 2.28E-5 1)0. ~31 
L 
/ 
SITE r PC5 SPECtt: PC21-A 
20 + 51. a + 7~.3 9.'3'5E-4 01. 1313 
____; 100 + 7. 1 + 69.2 6. 12E-4 00.67 
200 + 4:6 + 61.8 1.91E-4 1)0. 21 
300 + 21.2 2.2 5.06E-S 00.0~ 
350 + 24. ~ 
- 21.9 ~.95E-5 1)1). 06 # 
400 + 29.0 
-
18.7 3.84E-5 00.04 
450 + 50.6 7".9 1. 25E-5 130. 1)1 
500 + 64. 1 
- 12.3 6.04E-6 ee.ee 
( SITE r PC5 SPECttr PC25-8 
20 +183.2 + 87.6 1. 70E-3 01. 0e 
300 +349. 6 + 31.0 1. 7'13E-4 00.113 
350 +359. 1 + 6.8 1. 33E-4 0e.07 
400 + 3.2 1 e. 1 9.e'5E-5 0e. •35 
450 + 20.0 9.8 2.82E-5 00.01 
•, 
': 
2R8 
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DETAILED SPECit'1EN DIRECTIONS 
SITE: PC7 SPECI: PC31-2 
TEMP ·- DEC INC J(A/M) J/.JN 
20 + 12. 1 + 69.7 2.1$E-3 01.00 
~ 100 + 6.4 + 6~.2 1. :3jE-3 •1)0.61 
200 +3~5.6 + 60.4 4.'50E-4 00.20 
300 +3~4.7 13.9 6.76E-5 .. e0. e3 
3'50 +3'57.9 '53.2 9.12E-'5 00.04 
4'31) + 3.5 
- 69.2 7. 7•3E-'5 131). 03 
4~0 +3'51 :6 - 67.0 2.'56E-'5 00.01 
~00 + '59.4 - 17.9 2.76E-'5 ~3a. 01 
SITE: PC7 SPECI: PC33-~ 
20 +341. 9 + 92.3 2.15E-3 131. 1)0 
300 +341. 4 + 3'5.7 6.94E-'5 · 0121. e~: 
3'50 +331.7 - 19.0 '5.07E-'5 00.132 
400 +344.8 - '".:•<:! <:1 '-"-· . _. 2.97E-~ 00.01 
450 +326.7 - 29.6 3.92E-'5 ee. ~31 
SITE: PC7 SPECI: PC3'S-A 
20 +21~.6 + 83.2 2.02E-3 e 1. ~30 
300 -~ +3'53. ~ + 39.9 7.96E-'5 00.1213 
3'30 ." 29.0 '5.'56E-'5 '3€1.02 + :344. 5 -
400 +3'3'3.4 - 37.8 ·4. 78E-5 00.02 
450 +349.2 + 1.1 '1. 46E-'5 0e.e0 
SITE: PCB SPECI: PC36-B 
20 +:344~ + 66.6 1. 81E-3 81. 130 
100 +342.8 + 61.2 1.08E-3 00.'39 
2~30 +339.9 + 48.1 3.99E-4 00.22 / 
300 +342.4 22.2 1.31E-4 00.07 
:350 + :342. 9 - 52.4 1. 46E-4 ee .139 
400 +347.5 - 61.9 1. 29E-4 -00.07 
4'50 +:328. 1 - 67.4 4.07E-5 00.02 
~00 + 1'5.3 - 78.4 3.36E-'5 00.01 
~ 
,. 
\ 
' 
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DETAILED SPEC I MEt-~ D I PEC:T I Ot-IS 
SITE: PCB · SPECtt: PC37-A 
TEMP DEC. INC J(A/M) J/JH 
20 +163.0 + 93.7 . 2. 67E-:3- •31. e0 
300 + 4.2 14.6 1.01E-4 013.1EJ3 
3~0 +:3!58. 8 
- !54.!5 1. 89E-4 1)1). 07 
400 +349.2 47.3 1.21E-4 ' 00.04 
4~0 +3:39. 7 
-
27.6 6". 68E-'5 130.02 
SITE1 PCB SPECtt: PC39-1 
20 +298. 0 + 91.0 2.24E-3 01.00 
300 + 6.0 
- 17.9 1. 23E-4 013.0'5 
3~0 + 17.0 !53.3 1. 713E-4 ea. L37 
400 +' 24.2 
-
31 e 1. 69E-4 00.07 
4~0 + 1~.9 
-
4!5 . . 7.27E-!5 130. 03 
SITE1 PC11 SPECI: 
---
20 +281.2 + 9!5.9 1. -~3E-3 131.00 
100 +3~2. 1 + 79.!5 1. E-3 00. t-.3 
200 # +338. 7 + 69.9 3. e. E-4 1313. 18 
300 +348. !5 + 28.4 ~.9 f;-!5 130.03 
/' 3!50 +343. 0 - 3!5.4 6. ~E-!5 ee. 133 400 +34!5. 2 4!5.6 7.4~E-!5 00.04 I I 
4~0 +3'52. 1 
- 23.9 2. 39E-!5 1313.131 
!500 +3!57.8 + 16.0 2.94E-!5 00.01 
~30 +3~9.!5 + 32.6 2.1:3E-!5 1313.01 .. 
SITE 1 PC11 SPECI1 PC~2-B 
20 + 1~.6 + 83. e 3.27E-3 01.ee 
300 +3!56.4 + 8.7 1. 37E-4 00.04 
3~0 +:3!57. e 
- 31.6 1.41'.5E-4 1313.134 
400 +3!52 0 4 
- 4.2.7 6. 70E-!5 00.02 
4!50 +34~.6 39. 1 3.36E-!5 1313.131 
s I T.E I PC 11 SPECI: PC~3-A 
20 + 8.!5 + 91.!5 2.!59E-3 131. 1}0 
300 ' + 
.7 + 27.1 1. 36E-4 00. 0!5 
3~0 +:3!59.8 
- 37.0 1. 4'5E-4 •313. 1}'5 
400 +3!57.3 
- 33.7 1. 00E-4 00.03 
450 +3~8.~ 
- 16.0 6.07E-!5 1313.02 
c. 
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DETAILED SPECIMEN DIRECTIONS 
. ._ 
SITE: PCll SPECtt: PC~4-B 
TEMP DEC INC ' J<A.-'M) J/Jt-1 
20 + 3.8 + 81.9 2. 88E-:3 ·~ 1 • (110 
300 +349.1 + 69.,. 7 9.89Er5 00.03 
3S0 +32S.6 .- ~1.8 1. 42E-4 ee. e4 
400 +309.1 - 4~.9 1.14E-4 00.03 
450 +299.3 
-
27.2 9.69E-'5 •3e. e3 
SITE: PC11 SPECtt: PC~~-1 
20 +251. 1 + :33. ~ - 1. 63E-3 01.(110 
300 +304.4 + 47.2 4.43E-'5. 00.02 
.350 +:?.39. 4 - 49.6 9. :3 .3E-~ ee.e6 
400 +33€:. 1 - ~~.4 1. 18E-4 00.07 r) 
45e +:3:37. 3 - 47.9 6. 67E.-'5 ~e. 04 
SITE: PC12 SPECtt: PC 56-A 
20 +:31 7. 1 + 71.6 8.17E-4 e1. ee 
100 +314.8 + 67.7 ~.?~E-4 00.70 
. 200 +311. 8 + 61.7 3. •34E-4 00.37 
300 +32e.4 + ~4.4 1. 39E-4 00. 17 
3'50 +3~9.8 + 21.7 1. 12E-4 e0. 13 
400 +317.0 
-
23.4 1. 39E-~ 00. 16 
\. 450 +326.6 1.8 '5.89E-~ ee.e7 
~00 +316.0 - ~9. §., l.,:35E-~ 00.01 
SITE: PC13 SPECtt: PC62-B 
+ 27.3 + 70.6 9.24E-4 01.00 
3(110 +~ -34.0 1.10E-4 jll 
3~0 +348. , - 3~~8~E-5 00. 10 
400 +337.6~2.0 . 1'5E-'5 .04 
450 + .2.8 . + 23.1 1.8~ .~0.02 
SITE: PC13 SPECtt: PC6.3-B 
20 + 2~.4 + 80.~ 8.90E-4 01.00 
300 + 11. '5 - 10.6 8.29E-~ ee. 09 
350 +354.2 - 32.7 e.78E-~ 00.09 
400 • 340.9 8.8 ~.3'5E-~ elf. 06 
450 +334.9 + 10.3 3.6'5E-'5 00.04 
_.;._ _ 
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OETAILE~ SPECIMEN DIRECTIONS 
' SITEs PC14 SPECtt: PC€8-e 
TEMP DEC INC J(A/M) J / .JN 
20 + 32.4 + 7~. 1 7.34E-4 01.00 
300 + :3~3. 6 
- 2~.9 8.69E-~ 130.11 
3~0 +34~.e 
-
21.6 7.62E-~ 00.10 
400 +323.~ + 4.8 1. :38E-5 1313. 01 
. 4~0 +296.5 + 13.5 1. 93E-5 00.102 
SITE' PC14 SPECtt: PC70-A 
I 
~· 20 +131.3' + 79.5 3.74E-4 01.0121 
300 + 37.9 - ~7'.8 9.66E-5 'ee.2s 
3~0 + 213.0 - ~0.0 8.4€E-5 00.22 
400 + 62.4 - '56.5 4.22E-5 1313.11 
4~0 + 7~.1 - 24.9 1. 24E-5 ee.e3 
/ ___ ,.. 
SITE: PC19 .. SPECtt: PC92-A 
\ 
20 +~~8.3 + 81.7' 1. 13E-3 01. 0e 
300 +358.2 4.2 6.04E.,..'5 oe. 135 
3~0 +340.0 - 2~.2 4.~2E-'S 00.04 
400 + 3. 1 
-
48.8 4.e8E-5 1)13. 133 
4~0 + 6.7' - 27'. e' 2.64E-'3 00.02 
' 
SITE1 PC19 SPECtt: PC93-1 
20 + 24.6 + 79.2 1. e2E-3 01. ee 
3ee + .2 
- 1 '5. 1 6.39E-'5 13'3. 136 
3'50 +3'54.2 '57.3 4.46E-'5 00.04 
400 +347'.3 - '51.1 ~.eJE-'5 (30. 04 
4~0 + 1.7' 
- 26.8 4.16E-'5 0e.e4 
SITE1 PC19 SPECtt: PC94-A 
20 + ~.4 + 78.6 1. 44E-3 01. e0 
3e0 +3'54.4 + 60.'5 9.23E-'5 00.06 
3~0 +3'54.2 + 23.0 4.80E-'5 00.03 
400 +3'54.6 
- 28.3 3.63E-'5 e0. 132 
4~0 + J0.3 4.'5 1. 99E-'5 00.01 
/ 
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APPENDIX c 
DETAILED '3PECif:'1EN DII':"ECTIONS . 
SITE: PC19 SPECI: PC9S-1 
TEMP DEC H~C .JO:A/M) .J/JN 
20 + 49.4 + 79.2 8.34E-4 01.00 
300 + :30.6 - 17.5 ~.66E-~ -~130. 06 
3~0 + 23.3 . - 37. ~ 4.95E-5 00.e~ 
400 19.~ 4.29E-~ 1)13.0~ -----+ - 44. 1 . 
4~0 + 24.1 - 3~.2 1. 60E-~ 00.01 
SITE: PC:.20 SPECI: PC98-A 
:3~ + 69~0 + e0.0 1. 08E-3 01.00 + 8.3 - 4:.2.0 3. 6 :3E-~ 1~1). 1)3 
3~0 +358. 1 - ~1. 9 4.34E-~ 00.04 
400 + 13.9 - 40. 1 1. 09E-~ (~0. 01 
4~0 +309.7 - 20.9 2.€3Er-~ 00.02 
SITE: PC20 '3PECI: PC99-A 
20 + "? ":> ' . _. + 81. ~ 1.21E-3 01. ee 
.300 't 9._5 - 13.7 9.01E-S 1)0. 07 
3~0 + 7.2 
- 31. '5 9.3~E-~ 00.07 
400 + 8.0 42.2 '5.79E-~ 130.04 
4'50 +349.'5 ~.9 '5.71E-~ 00.04 
SITE: PC20 :;PECI: PC1130-A 
20 +355. 1 + 79.3 1. 38E-3 01. ee 
3130 + 8.'5 + 3.2 1.21E- 4 1313.08 
350 + 13.2 - 213.3 1. 01E-4 00.07 
4013 + 13.8 - 34.2 6.07E-'5 1)0. 134 
~50 + • 1 + 2.9 3.83E-'5 00.02 
SITE: PC21 :3PECI: PC101-A 
20 + 22.2 + 74.9 9.79E-4 01.00 
100 + 2. 7. + 66.2 6.8'5E-4 130. 70 
2013 + 2.9 + 613.4 2.43E-4 00.~4 
300 + 30. 1 + 27.7 7. 18E-'5 1)0. 137 
3"313 + 2~.9 - 10. 1 4.03E-'5 00.04 
400 + ~'5.6 - 42.3 '5.10E-'5 00.0~ 
4'50 + 34.-e 7.0 2.69E-'5 00.02 
~00 + '58.5 + 20.2 1 • .28E-'5 130.01 
"' 
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APPEI'IOIX c 
DETAILED SPECIMEH DIRECTIONS 
'• 
. 
SITE1 PC21 SPEC*• PC102.:...A 
TEMP DEC INC .J < A/f1.) J/JN 
20 + .9 + 98•4 1. 29E-3 01.00 
300 + 23.0 + 30.0 1. 04E-4 00.08 
3~0 + 17.~ + 7.4 7.S4E-~ . 00. G6 
~00 9.6 - 3~.~ 4.15E-5 00.03 
,_ 
+ 
4~0 + 26.7 + 8.2 1. 12E-~ 00.00 
SITEs PC-2.:,r SPEC• z PC103-A 
20 +346.7 + 70.2 1. 03E-3 01.00 
300 +3~9.0 - 24.0 1. 09E-4 00·. s.e 
3~0 + 3.2 - 30.~ 1. 2SE-4 00.12 
400 ):. 1.8 - ~1.9 7.95E- 5 00.07 
4~0 +321. 9 - 18.1 ,.26E-~ 00. ~3~ .. 
SITE a PC21 ?PEC*a PC104-A ' 
20 +318.4 + 79.0 9.25E-4 r 01.00 . . 
300 + 19.2 + 1.2 5.59E-5 00.06 
3~0 + 8.9 - 23.8 4.44E-5 00.05 
400 + 22.~ - 40.4 3.91E-5 00.04 
4~ + 12.6 + 49.7 2.49E .... 5 00.03 
SITE• PC22 SPEC*• PC106-2 . 
20 + 30.4 · · 76.5 7.24E-4 01.00 
fee + 8.4 + 73.5 ~.25E-4 · ee. 72-
200 + 22.9 + 71. a 2.12E-4 00.'29 
300 + 22.5 + 52.~ 7.63E-5 00. 10 . 
350 + 21. a 3.3 2.69E-5 00.03 
~ee + 21.3 - 43.5 3.6~-5 00.05 
~50 + 14.5 - 24.7 2. 41E-5 00.03 
500 +345•2 - · 10.6 2.72E-5 00.03 
' \ 
StTE I PC22 SPEC*• PC107-A 
,1. e0 20 +3-43.~ + 64.6 9. 51E-.4 
300 +332.3 
- 60.3 4.49E-4 00.47 
350 +332.0"'\ 
- 62.3 3.63E-4 . 00.38 
400 +334.2 
- 64.6 2.06E-4 oo.v ~50 +322.0 64.8 2.77E-5 00. 
/ 
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APPENDIX D 
SAMPLING LOCALITIES ANDL>IREC~NS o.F MAGNETIZATION -
TABLE HEAD'GROUP 
D .1 Sampling local±ti·es 
, ·, 
Table Point ForMation: 
-, 
Location~: 480 33.7'N, sao 46.3'W (Sites AQS-8) 
500 2l.7'N, 57° 3i.3'W (Sites PClS-18) 
50° 42.8'N, 57° 23.7'W (Sites PC25-26) 
500 42. 2'N, 570 2l.60W (Sites .PC27) 
soo 3l.9'N, s1o 23.60W (sites Pc-2a-aol 
Sites AQS-8 were samPled from the Table Head Group, 
unconformably overlying the St. George Group at Aguathuna 
quarry in the Port au Port Peninsula. This locality has 
already been discussed in Section c.1: Sites PClS-18 were 
-, 
sampled fro~ Table Head strata at Table Point (Figures 2.1, 
2.4 f, also discussed in Section C .1. 
• Sites PC25-26 are exposed at Black Point in the Point 
Riche Peninsula, about 2-3 km along the shore from the 
Point Riche Lig~house. At this locality the dolostones of 
the uppermost St. George Group and overlying limestones of 
the T~ble Point Formatio~ are•exposed. Only the limestones 
were s·~mpled. Site ~ 27 was sampled near Gargamel1e Cove 
and PC28-30 at Rive~ Po.nds, both in the Great Northern 
_ Peninsula. 
~95 
) 
\ 
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Tilt correction and stratigraphic thickness: 
Sites strike, Dip AEErox. thickne,ss 
AQ5-8 267°, 15°N 3 m 
• 
PC15-18 1J00, 11°sw 5.5 m 
PC 25-26 g3~. 5°S J In 
.. 
PC27 114°, 5°SW 4 m 
PC28-30 46°, 5°SE 6 m 
Table Cove Formation: 
Location: 48° 35.5'N, 5B0 55.3'W (Sites WB1-3) 
These sites were sampled from a quarry in the West 
Bay, 1.75 'km west of Picadilly Park along the north C?ast 
of the Port au Port Peninsula. The outcrop consists of 
interbedded limestones and shales. The average strike and 
dip of the beds are 259o, 11 ON¥J .• - 'A. 2 m thick 
stratigraphic section was covered by all the above three 
sites. 
Cape Cormorant :Formation: 
Locatio~a: 
.,. 
480 32.8'N, 590 12.3'W (Sites MLl-7) 
This exposure is located along the beach west of the 
town of Mainland on the west coast of Port au Port 
Peninsula. Two formations, Cape Cormorant and the 
overlying Mainland sandstone, are exposed at this 
locality. The Cape Cormorant Formation comprises carbonate 
.,. 
breccia beds 0.1 to 0.3 m thJb:/ and interbedded shales . 
Tot&l thickness of the stratigraphic section for the 
sampled sites was 50 m. 
' 
' 
• 
) 
l 
.. 
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,... 
Tilt correction1 
Sites Strike, Q!£ Sites Strike, , Dip 
---
MLl 25201 57°NW . ML5 238°, 52°Nw 
ML2 2450, sooNW ML6 2400, 50°NW 
.,_ 
ML3 242°, 490NW ML7 234°, 500NW 
~ 
ML4 2440 
'· 
45°NW 
0.2 Detailed directions of magnetization 
Results after each thermal demagnetization step of 
· those ~pecimens listed in Table 6. 1 are listed· in the 
(. 
foflowing pages. The listing ,scheme is the same as 
d~_scribed under Appendix B. 2. Where applicable in the 
tables shown' below, "360°C" should be read "3700C". 
.. , 
\ 
/' 
'· \ ' 
\ 
\ 
. .·~. ,... . 
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APPENDIX 0 
DETAILED SPECIME~l DIRECT IONS 
SITE: AQ~ SPECI: AQ17-C 
TEMP DEC INC J(A,·-'M) J / JN 
20 +149. 0 + 66.0 1. 11E-4 a 1 • l30 · 
100 +1~1. 0 + 73.0 7. ~0E-'5 00.67 
' 200 +1~3. 0 + 33.0 6~ 14E-'5 ~e. '5~ · 
300 +155. 0 + 37.0 4. 49E-'5 00.40 C) 
3~0 +1~4. 0 + 38.0 3.3~-~ - 1!\0 • . 30 
400 +1~2. 0 + 39.0 . 2. 47E-'5 00.22 
4~0 + 33.0 + 66.0 e .• 18E-6 00.07 
SITE: AQ~ SPECI: AQ18-A 
I 
20 +149. 0 + 66.0 ' . 9. 28E-'5 01. •30 
100 +144 .• 0 + 84.0 ~. 78E-'5 00.62 
200 +162. 0 + '59.0 4. ~BE-'5 00.48 
300 +158 • . 0 + 44.0 3. 25E-'5 0.0.34 
-
3~9 +156. 0 + 47.0 2. 62E-'5 00.28 
400 +1'59. 0 + 3'5.0 2. 34E-'5 00. 2'5 
' '500 + 96.0 + 5'5.0 2 . 6'5E-6 e0. 02 
SITE: AQ'5 S~ECtt : .(' AGI19 ... A 
20 + ' 99.9 + 70.0 1. 61E-4 01.00 
100 +140. 7 + 76.3 10. 0E-5 00.·62 
200 +1~.3 -4; 60.2 . , a. 23E-~ t30. '51 
300 +1~7. 3 + '49. 3 '5. ~2E-5 00.34 
350 +157. 1 + 61.2 3. 82E-'5 00.23 
400 +163. 4- + 39.8 , 3. 86E-'5 00.24 
4~0 +179.0 + 55.9 2. 1.2E-'5 00. 13 
'500 +1'58. 9 + 72.~ 1. 27E-'5 00. 0? ..........__ 
~30 +288. 1 .... 81.6 8. 66E-6 00. lil'5 
' ~60 +264. 9 \ + 28.9 3. 80E-6 00.02 
'590 +117. 8 + '51.6· 3. 62E-6 1)0. 02 
•• 
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APPEt-miX 0 
DETAILED SPECI~EN DIRECTIONS 
SITE a AQ!5 SPECtta AQ20-A 4 
TEMP DEC INC J<AI'M) J/JN 
20 +129.2 + 69.0 8.34E-~ 01.00 
.::\ 
100 +126. 9 + 62.9 ~. !57E-5 00.66 
200 +137.6 + 38.7 3.38E-~ 00.40 
300 +147.~ + 30.6 2. 89E-5 00.34 
3~0 +1!5!5.8 + 23.8 2.21E-~ 00.26 
400 +149. 9 + 30.7 1. ~6E-~ 00. 1e 
4~0 +1~!5.~ + 30.6 1. !57E-.~ 00. 1a 
~00 +147. 6 + 48.7 6.B6E-6 00.08 
~30 +126.3 + 13.7 3.79E-6 ae. e4 
~60 +13~.0 + ~3.~ · 3.25E-6 ea. 03 
SITE a AQ6 SPECtt: AQ21-8 
20 + 6.8 + 34.4 3. 08E-~ 01.00 
100 +:346. 2 + 70. 1 8.20E-6 00.26 
200 +171. 6 + 42.0 .'7.91E-6 00.25 
300 +172.1 + 23. 1 ~. 44E-6 00. 17 
3~0 -tt162. 9 + 24.9 7.06E-6 00.22 
400 +162.1 + 2~.7 8. 53E-6 e0. 27 
.4~0 +164.6 + 20.6 7. 72E-6 00.2~ 
~00 +166.2 + 19.3 4. 17E-6 e0. 13 
SITEs AQ6 SPECtta AQ23-A 
{l ' 
20 + 51.3 + ~1.4 6.21E-5 01.00 
'-100 + 78.8 + 84.5 3. 43E-5 00.55 
209 +143.0 + 43.4 3~ 13E-!5 e0.~0 
300 +145. 6 + 34.2 2. 56E-5 0e. 41 
3~0 +142.2 + 26.8 2.31E-5 00.37 
400 +142. 4 . + 24.5 2. 09E-5 00.33 
4~0 +148.1 + 33. 1 I 1. 19E-5 00. 19 
500 +143.1 + 28.2 6. 39E-6 00. 10 
530 + 55.~ 
- ~6.0 2.84E-6 00.04 
., 
. 
f • 
.. 
. 
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RPF'H~DIX D 
DETAILED SPECIMEN DIRECTIONS 
• 
> 
SITE a AQ8 $PECtt: AQ29-F! 
TEI'lP DEC· INC J<A/M) J/JN 
20 . +127.2 + 60.2 4. 84E-4. 01.00 
100 +13e.2 + ~1.3 3.81E-4 00.78 
200 +144. 1 + 43.'7 3.38E-4 00.69 
300 +144. 9 + 33.3 2. 83E-4 00.~8 
3~0 +14~.~ + 33.0 2.41E-4 00.49 
400 +146.~ + 32.3 1. 8~E-4 00.38 
4~0 +1~2.7 + 33.7 - 8.07E-~ 00 ... 1,6 
~00 +11~. 1 + 23.~ 1. 16E-4 00.23 
~30 + ~~.0 + 17.6 1. 29E-4 00.26 
~60 +332.6 + 60.8 7.04E-~ 00.14 
~90 +343.0 + 64.1 8 .136E-~ 00. 16 
620 + 80.8 + 36.2 3. 74E-~ 00.07 
1... 
•. 
SITE: AQ8 SPECtta AQ30-A 
20 +131.0 + 63.~ ~.38E-4 01.00 
100 +147.7 + ~1.3 4.49E-4 . ea. 83 
200 +1 ~4. 1 + ~1.6 4. 10E-4 00.76 \ 300 +1~4,0 + 33.3 3. 61E-4 00.66 3~0 +1~4.4 + 32.3 3.02E-4 00.~6 
400 +15~.4 + 32.1 2.36E-4 00.~3 
4~0 +174.2 + 1~. 2, 8.04E-~ 00. 14 
~00 .+1~~. 9 + 2 • 1 7.46E-~ 00.13 " 
~30 +180.~ + ~6.2 3.42E-~ 00.06 
~60 + 28.8 + 43.6 ~.~4E 2 00.09 
~90 +199.0 + 2. 1 4.8~E-~ 00.09 
620 +1 ~3. 1 2~.0 1. 7~E-~ 00.03 
SITE: AQ8 SPECtt: AQ32-1 
'- 20 +1~1.6 + ~~ .. 1 ~- 12E-4 01.00 
100 +1~6.0 + 42.4 , 4. 30E-4 00.84 
200 +1~6.1 + 33.9 3. 86E-4 e0.7~ 
300 +161.3 + 24.7 3. 19E-4 00.62 
3~0 +1~3.9 + .26.6 2.29E-4 130.44 
400 +160. 8 + 28.9 1. 92E-4 \ 00.37 4~0 +1~2.6 + 38.3 8.~eE-~ '30.16 
500 +138.2 + 9.9 2.33E-~ 00.04 
~ ~30 + 80.6 42.~ 5.83E-5 00. 11 ~60 +337. 4 + 36.8 6.04E-5 ~0.11 
- ~90 +293.7 , .. 62.7 5. 31E-5 00. 10 
620 '\..__ + 89.7 - 13.4 2;88E-~ 00.05 
--- ----- - - - - 4 -
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APPENDIX 0 
DETAILED SPECII1EN DIRECTIONS 
SITE1 WB1 SPECtt: WB1-1 
TEMP DEC INC J<A/M> J/JN 
20 +1~3.6 + 39.0 1. ~9E-3 01.00 
100 +1~4.~ + 38.3 1. 39E-3 00.87 
200 . +1~3.4 + 32.8 1.31E-3 00.82 
300 +1~9.9 + 29.8 l-.14E-3 00.71 
3~0 +1~8.0 + 29.8 1. 04E-3 00.65 
400 +1~7.9 + 30.9 I 00.22 · 3. 60E-4 
4~0 +1~4.7 + 38. 1 1 . • 4~E-4 00.09 
~00 +140.2 - 31.4 1. 20E-4 00.07 
~30 + 31.9 - 9.8 8.90E-5 00.0!5 
!560 +21~.~ + e.~ 8.89E-5 00.05 
SITE1 WB1 .SPEC I ·• WB2-A 
20 +142.0 +41.8 1. 31E-3 01.00 
100 +148.!5 + 36. ~ 1. 21E-3 00.92 
, 200 +1!53.7 + 31.4 1.18E-3 ea. 90 
!! + 1 ~!5. 1 + 27. e 1.09E-3 . 00.83 +1~4.7 + 28.0 9.91E-4 00.75 +1!5!5.2 + 27.7 ~.28E-4 00.40 
4!50 +1~4.2 + 26.4 2.01E-4 00.15 
~00 +299,2 + 1.6 1. ~8E-!5 00.01 
~30 +334.~ + 30.7 1. 18E-4 00.09 
~60 + .6 - 53.2 8.02E-!5 00.06 
... '=-
SITE1 WB1 SPECI 1 WB3-1 
20 +14~.0 + 39.9 1 . 40E-3 01.00 
100 +1~0.2 + 38.0 1. 29J-3 L 00.86 
200 +1!53.4 + 32.3 1. 12E-3 00.80 
300 +1~!5.2 + 27.9 1. e~E-3 00.74 
3~0 +1!53.9 + 28.9 9.~~E-4 00.68 
400 +1~~.7 + 27.9 6.34E-4 ae. 45 
4!50 +,1 ~~- 0 . + 28.7 2.29E-4 00. 16 ' 
~0 + 36.1 
- 10. 1 ~.42E-!5 · 00. eJ 
'"530 +347.3 3.8 6.~1E-!5 00.04 
~60 +316.7 + 1.4 1.09E-4 00.07 
. 
' 
, 
~. 
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APPEND I>< 0 
DETAILED SPECIMEN OIRECTIOt-lS 
·siTE~ WB1 SPECtt~ I.-JB4-2 
TEMP . DEC INC J(A/M) J / JN 
20 +139.7 + 47.3 . 1.32E-3 01. 1)0 
100 +148.8 + 44.2 1.13E-3 00.8~ 
200 +1!53.1 + 34.8 9.67E-4 00. 7.3 
300 +1!52.6 + 30.4 9.0etE-4 00.68 
3~0 +1~0.9 + 30.1 7.41E-4 130.~!5 
400 +1!52.9 + 37.4 1.68E-4 00.12 
450 +176.0 + 39.7 5.31E-!5 013.04 
~00 + 90.6 + 34.0 1. 22E-4 00.09 
530 +282.0 + 24.6 1.36E-4 00. 10 
560 +238.2 - 72.3 1. 12E-4 00.08 
!590 +292.8 + 6.3 5.15E-4 00. :38 
SITE: WB2 SPECtta WB~-1 
20 +138.!5 + 41.8 1. 27E-3 01. ee 
100 +139.4 + 41.0 1. 09E-3 00.8~ 
200 + 44.3 + 3!5.9 9.89E-4 00.77. 
300 4~.8 + 30.9 9.19E-4 00.72 
3~0 44.7 + 30.!5 8.47E-4 00.r56 
400 +1 4 + 30. 1 6.07E-4 00.47 
4~0 +143.9 + 29.7 2. :32E-4 00. 18 
500 +232.7 + 48.!5 4.69E-!5 00.03 
530 + 7~.6 + 78.3 8.32E-!5 00.06 
560 +338.8 
-
63.2 8.91E-!5 00.07 
SITE: WB2 SPEC*: L-JB6-1 
~.., 
20 +132.6 + 47.6 1.07E-3 01.00 
100 +141. 4 + 44.7 9.41E-4 00.88 
200 +147.5 + 36.3 8.81E-4 00.82 
300 +147.9 + 30.9 8.22E-4 00.76 
3~0 +149.!5 + 30.4 7.40E-4 00.69 
400 +148.9 + 30.0 4..89E-4 ~ 00.45 
4~0 +15!5.2 + 30.9 1.61E-4 ' 0e. 1~ 
~00 +3!58. 1 + 51.3 6. :34E-!5 00.0!5 
530 + 87.9 + 16.4 8.!53E-!5 00.07 
!560 . +302. 1 + 77.8 6.01E-!5 00.0!5 
I 
" \ 
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APPE~lDIX D 
DETAILED SPECIMEH DIRECTIONS 
SITE a WB2 SPECI1 L-JB7-1 
TEMP DEC INC J<A/M) J/JN , 
20 +1~1. 0 + 38.2 1. 38E-3 01.00 
100 +1~2. 3 + 36.9 1.13E-3 00.81 
200 +1~3. 4 + 30.6 1. 02E-3 e0. 73 
,[ 
300 +1~1. 0 + 26.6 9.34E-4 00.67 
3~0 +1~~-0 + 26.8 7.66E-4 e0. '5~ 
400 +1~4. 1 + 26.6 4.21E-4 . 00.30 
,.I 
4:50 +1~3.6 + 28.~ 1.03E-4 e0.07 
:500 +3~6.2 6.2 1. 23E-4 00.08 
~30 +314.8 + 63.8 1.62E-4 00. 11 
~60 +33~. 9 + 4.3 1. 62E-4 00. 11 
SITE 1 WB2 SPECia WB8-A 
20 +141. 0 + 47.9 1. 12E-3 01.00 
100 +149.4 + 40.8 1. 04E-3 00.92 
~e0 +1~3. ~ + 31.~ · 9. 64E-4 00.86 
300 +1:52.1 + 27.1 9. 1'5E-4 00.81 
3~0 +1~2.0 + 26.4 7.8'5E-4 00.70 
400 +1~1. 7 + 30. 1 2.81E-4 00.2~ 
4~0 +1~0. 4 + 26.6 7.91E-5 00.07 
'500 +142. 2 3.0 7.64E-'5 00.06 
'530 +300. 0 + 71.0 L46E-4 00. 13 
~60 +194. 1 + 37. '5 1.88E..;4 ee. 16 
~90 + 6.1 + 11.4 2.27E-4 00.20 
SITE a W83 SPECia WB9-A ~-, 
v 20 +146. 1 + 36.'5 1. 73E-3 01.00 \ tee +1~2. 6 + 33.6 1.61E-3 00.92 ~j 200 +1~4. 9 + 28.9 1.,~E-3 00.89 
380 +1~4. 7 + 26.4 1. 36E-3 e0.7S 
3~0 +1~3. 9 + 2'5.8 1.06E-3 00.61 
400 +1~3.8 + 28.9 2.21E-4 00.12 
4~0 +1~1.8 + 28.6 1. 66E-4 00.09 
~ee + 19.2 1 •. 6 8.40E-'5 ee. 04 
'530 + 84. ~ + 2'5.9 7.00~-~ 00.04 
'560 +221. t + 24.2 1.~4E-4 00.0s 
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APPEt-lOIX D 
DETAILED SPECIMEN DIRECTIONS 
SITE: W83 SPEC .. : LoJB10-B 
TEMP DEC INC J(A/M) J / JN 
20 +148.0 + 38.3 1. 37'E-3 et.ee 
100 +1~0.9 + 34.4 1. 2~E-3 00.91 
200 +1~3.4 + 28.~ 1. 16E-3 00.84 
3~0 +1~3.9 +' 24.1 1. 07E-3 00.78 
3~0 · +1~6.0 + 24.3 8.92E-4 00.6~ 
400 +1~~- 7 + 24.4 2.~7E-4 00. 18 
4~0 +1~3.9 + 2~.7 2.08E-4 ea. 1~ 
~00 + 9~.2 
- ~3.3 4. 1 :iE-~ ea. 0~: 
~30 +1~6.8 + 37.8 1. 23E-4 00.09 ~-~60 +248.7 - 72.8 1. 26E-4 00.09 --- · . . .. 
SITE: WB3 SPEC .. : WB11-A 
.. 
20 +137.9 + 39.~ 1. ~4E-3 01.00 
100 +143.3 + 3~.7' 1. 4~E-3 00.94 
200 +146.9 + 29.7 1.41E- 3 00.91 
300 +149.8 + 26 . 3 1. 31E-3 00.8~ 
• 35e +150. 1 + 2~.7 1.12E- 3 00.72 
400 +151. 2 + 26.1 3.98E-4 00.2~ 
450 +149. 1 + 26.8 3.16E-4 00.20 
~00 + ~3.9 + 40.2 4.99E-~ 00.03 
~30 +296.0 + 33.~ 1. 41E-4 00.09 
560 +189.8 + 9~.9 1. 7'3E-4 00. 11 
SITE: WB3 SPECI: WB12-B j ( 
20 +148.7 + ~3.0 1. 28E-3 01.00 
100 +145.2 + 44.6 1. 19E-3 00.92 
200 +146.9 + 3~.~ - 1. 12E-3 ea. 87 
300 +148.2 + 31.5 1. 09E•3 00.84 
3~0 +149.~ + 31.0 9. ~4E-4.; ea. 74 
400 +1~0.9 + 33.4 3.91E-4 00.30 
.4~0 +143.2 + 33.4 9. 17'E-~ 00.07 
~00 +231.1 + 29.4 2.32E-4 ee. 18 
530 +33~.7 + 3~.6 2.24E-4 00. 17 
~60 +111.~ + 25.4 1. 60E-4 ea. 12 
~90 +331. 4 - 7.3 5.80E-~ 00.04 
... 
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DETAILED SPECit1EN D I P.ECT I Ol·lS 
SITE 1. ML1 SPECI: ML2-A 
TEMP ~EC INC J <At'M) Jt'JN 
. 20 + 2. 1 + 47.6 1. 71E-4 01.00 
300 +148.8 
-
19.2 3": ~:0E-~ 00.19 
3~0 +142.6 - 22.3 2.8?E-~ ee. 16 . 
400 + 81.0 ~4.~ 7 . ·39E-6 00.04 
4~0 + 11.0 - 27.9 3.77E-~ 130.22 
~00 +3~2. 1 - 29.0 1. 53E-4 00.89 
SITE t ML1 SPECI1 ML3-A 
20 +104.6 + 49.7 1. 48E-4 01.00 
300 +123.2 3.4 4.80E-~ 00. :3;2 
3~0 ... +1~0.~ - 41.~ 4.02E-5 00.27 
'"' 409 +167.5 - 17.~ 3.42E-5 00.23 
4~0 +166.4 46.0 2.06E-~ 00. 13 
500 +349.7 - 11.7 6.44E-5 130.43 
SITE1 MLl SPECI: Mt.4-C 
20 + _?9.7 + 61.!5 1. 37E-4 01.00 
300 +132.1 2.3 3.31E-~ 00.24 
330 +117. 9 + - 2.6 3.31E-5 130.24 
350 +139.2 - 16. 1 3. 13E-5 00.22 
360 +141.1 6.4 3.57E-5 00.26 
400 +138.5 
- 30.7 2.73E-~ 00. 19-
4!50 + 110. 4 7.0 2.03E-5 00.14 
SITE a ML2 SPECI1 ML6-B 
20 + 71.8 + 62.2\ 2.21E-4 01.130 
300 +115.5 + 4.3 5-,.eeE- 5 00.22 
330 +122.4 13.8 5.58E-5 00.2'5 
350 +134.2 
- 26.6 5.00E-5 00.22 I 
360 +119.0 - 19.7 4.:;6E-5 130.20 
400 +128. 1 - 31.9 3.33E-5 00.15 
450· +144.9 
- 24.7 3.42E-5 00. 1~ 
~0 +321.2 - 20.4 3.48E-5 00.15 
., 
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DETAILEO SPECIMEN DIRECTIONS 
SITE a ML2 SPECtta ML6-C 
TEMP DEC INC J(A/M) J/JN 
20 +148.3 + 53.8 1. 60E-4 01.00 
100 +14~.8 + 37.0 1. 03E-4 00.64 
200 +1~0.3 + 4.9 ?.~~E-~ 00.47 
300 +1~9.4 21.8 7.82E-~ 00.48 
3~0 +1~4.3 - 23.9 7.12E-~ 00. 44 . 
400 +143.0 - 24.8 4.14E-~ ea. 2~ 
4~0 +149.0 - 28.2 3.~4E-~ 00.22 
~00 +114.3 - 43.~ 2. 16E-~ 00. 13 
SITE: ML3 SPECtt: ML10-A 
20 + 11. 1 + 40.1 ~.28E-4 01.00 
. 300 + 4.4 + 21.7 2.60E-4 00.49 
3~0 +3~2.4 + 2~-~ 1.26E-4 00.23 
400 +337.3 '+ 30.9 4.91E-5 00.09 
4~0 + 3.3 + 31.8 \ 4.10E-~ e0. 137 
~00 +319.~ - 32.4 1.39E-5 00.02 
~ 
SITE: ML3 SPECttr 1·1L 10-C 
~ 20 + 93.4 + ~6.7 1. 39E-4 01.00 
:300 . +13~.4 - 13.3 ~.98E-~ •30. 21 
330 +140.4 - 27.0 3.14E-~ 00.22 
3~0 +130.1 - 32.4 · ' 2. 81E-~ 00.20 
360 +132.7 
-
46.~ 1. ~7E-~ 00. 11 
400 +128.7 - 2~.5 1.96E-~ 00. 14 
4~0 +258.4 - 73.3 1.46E-~ 00.10 
500 +338.3 - 1~3 3. 13E-~ 00.22 
SITE: ML3 SPI;Ctt: MLll-B ($ 
20 + 69.8 + 50:"5 2.35E-4 01. ee 
300 +129. 1 17.0 7.76E-~ 00.33 
3~e +148.~ 
-
17.0 7.33E-5 00.31 
400 +1~0.3 11.9 2.26E-5 00.09 
450 + 1.9 + 24. 1 4.73E-~ 00.20 
~00 + 20.0 - 27.3 7.28E-~ 00.30 
··--
---
307 
APPENDIX 0 
DETAILED SPECif1EN DIRECTIONS 
SITE1 ML3 SPEC* a ML11-C 
TEMP DEC INC .J <At'M) Jt'.JN 
20 + 9~.~ + 66.2 1. ~8E-4 01.00 
300 +162.~ - 4~.8 2.76E-~ B0.17 
330 +1~~.3 - 19.0 ~.73E-~ 00.36 
3~0 +1~7.8 - 42.0 4.62E-~ 00.29 
360 +189.9 - 69.7 2.38E-~ 00.15 
400 + 88. 1 - 47.2 2.20E-~ 00.13 
450 +303.8 + 40.3 1. 40E-~ 00.08 
SITE 1 ML4 SPEC*• ML14-B . 
20 + 82.8 + 61.6 l. 33E-4 01.00 
300 +120.7 - 2~.2 2.64E-~ 00.19 
350 +129. 1 7.7 l. 82E-~ 00.13 
400 +126.2 + 8. ~ ' 1. SSE-~ 130-.14 
450 + 41.2 '+ 11.0 1. 98E-~ 00.14 
~0e +232.£ - 16.2 3.91E-~ 00.29 
SITE 1 ML4 SPEC* I ML14-C 
20 +189.6 + ~6.1 1. 36E-4 01.00 
300 +188.~ 9.0 4.E:0E-~ 00.35 
330 +18~.7 - 19. 1 3.33E-~ 00.24 
3~0 +177.8 - 13.0 4.01E-~ 00.29 
360 +200.7 - 24.7 3.30E-~ 130.24 
400 +19~.6 7 30.8 2.~8E-~ 00.18 450 + 1.0 
- .7 7.70E-6 00.05 
~00 +291. 9 - 43.0 ... 2.80E-~ 00.20 
. SITE 1 ML~ SPEC..aL17-1 
20 +102.1 + 62.6 1. 62E-4 01.00 
300 +12~.4 + 16.0 4.17-E-~ 00.25 
330 +12~.9 + 12.9 3.98E-~ 00.24 
3~0 + 4~.0 + 12.7 4.5~E-~ •. (30.28 
360 +130.8 
-
17.4 3.34E-~ 00.20 
400 + 118.2 28.3 S.63E-6 0e.e~ 
4~0 + 26.4 - 47.~ 2. 16E-~ 00~13 
' 
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OETAILED SP.ECIMEN DIRECTIONS 
SITE: ML~ SPEctt: t1L17-4 
TEMP DEC INC J<A/M) J/JN 
20 + 85.0 + 58.7 2.09E-4' 01.00 
300 +112. 3 + 22.5 4.89E-:5 00.23 
_350 +111.5 + 14.4 3.66E-:5 00.17 
400 +139.7 6.9 2. 18E-:5 130. 10 
.( 450 + 9.2 + 41.0 1. 18E-:5 00.0~ 
500 + 42.0 - 39.2 1. 35E-:5 130.06 
SITE 1 ML7 SPECI: ML24-1 
--
20 +118. 7 + 33. 1 1. 27E-4 01.00 
f 300 +133.1 - 45.4 8.28E-:5 00.65 
350 . +119". 4 - 37.6 5.55E-:5 00.43 
400 +126.0 - 43.8 4.08E-5 00.32 
450 + 99.3 - 51.0 2.91E-:5 00.22 
500 +321.7 - 76.3 3.78E-5 00.29 
SITE: ML7 SPECtt: ML24-2 
20 +120.1 + 70.4 7,72E-5 01.00 
300 +146.1 - 28.4 3.38E-:5 00.43 
" 330 +131.4 - 39.3 4.02E-5 00.52 
350 +141. 9 - 51.6 4.87E-5 00.63 
360 +135.2 - 50.9 5.18E-5 00.67 
400 +145.8 39.0 5.29E-:5 00.68 
450 +212.9 - 12.8 3.65E-6 00.04 
SITE: ML7 SPECtt: ML2'5-1 
20 +116.8 + 46.4 1. 30E-4 01.00 
300 +144 . 2 . - 25. 1 3.01E-:5 130.23 
350 +148.4 52.8 2.47E-:-5 , 00.18 
400 +151.6 - 41.4 1. 35E-'5 00.10 
450 +355.9 - 21.5 1. 31E-5 00. 10 
~ee +327.'5 + 16.4 4.42E-5 00.33 
( 
/ 
' 
--------.. 
·~ ···- ·-
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. 
DETAILED SPE~IMEN DIRECTIONS c(-
S ITE a ML 7 SPEC I z ML2~-2 t 
' TEMP DEC INC J(A/M) J/JN 
20 + 9~.7 + 69.7 1.17E-4 01.00 
300 +113.2 - 10.2 4.04E-~ 00.34 
330 +!1~.~ - 27.8 4.00E-~ 00.34 ,, 
3~0 +119.6 19.4 3.45E-~ ~0.29 
360 +143.8 + ~.8 2.98E-~ 90.24 
400 +146.1 - 50.8 2.98E-~ 00.2~ 
4~0 +342.6 44.7 1.20E-~ 00.10 
SITE& ML7 
- 20 
300 
330 
350 
360 
400 
4~0 
+104$.0 
+117.1 
+121. 6 
+115.0 
+132.2 
+140.9 
+ 3.8 
' SPECia Ml27-1 
+ 49.~ 
~19.0 
13.2 
- 20 •. 9 
- 22.9 
- 23.6 
+ 1~.9 
1. 3~E-4 
4.80E-~ 
4.04E-~ 
4.62E-:5 
3.04E-~ 
2.40E-:5 
3.63E-~ 
SITE a Ml.7 SPECit ML2?-2 
20 
300 
350 
400 
4~0 
500 
+118.0 
+142.6 
+111. 3 
+121. 2 
+ 16.9 
+345.5 
SITE 1 PC15 
20 + 79.8 
300 - + 9.4 
350 + 20.6 
400 + 16. 1 
4~0 + 25.8 
SITEa PC15 
2e . +106. 4 
300 + 23.7 
350 + 29.5 
400 + 18.3 
4~0 + 16.6 
. + 41.1 
- 54.5 
- 41.0 
- 29.9 
- 20.7 
- 17.0 
+. 7~.0 
+ 42.0 
22.3 
- 48.8 
+ 41.2 
1.04E-4 
3.51E-5 
2.73E-5 
1.61E-5 
1. 97E-5 
4.13E-5 
1.96E-3 
7.33E-~ 
4.79E-5 
4.16E-5 
3.87E-5 
SPECia PC73-1 
+ 71.7 
+ 27.0 
- 20.3 
- 47.3 
+ 23.1 
1.31E-3 
~.08E....,5 
4.5~-5 
2.81E-5 
3.98E-5 
01. e0 
00.35 
00.29 
00.34 
1:30.22 
00.17 
> 00.26 
01.00 
00.33 
00.26 
ee-: 15 
00.18 
00.39 
01. 0b 
00.03 
00 . 02 
00 . 02 
00.01 
01.00 
e0.e3 
00.03 
00.02 
00.03 
309 
~· 
-310 
APPENDIX D 
DETAILED SPECI1'1E~~ DIRECTIONS 
• 
' 
SITE: PCl~ SPECtt: PC74-2 f 
t' 
TEMP DEC INC J(A/M) J/JH 
20 + 98.~ + 80 . 8 1. 20E-3 01.00 
\ 300 + 14.7 .30.4 7.2~E-~ 00.06 
3~0 + 11.0 - 48.3 8.~0E-~ 00.07 
400 + 16.7 ~~.9 6. 78E-~ ee:e~ 
4~0 + 13.3 + 43.3 4.33E-~ 00.03 
SITE: PC1~ SPECtt: PC?~-2 
'• 20 +162.8 + 7~.0 1. ~0E-3 01.00 
300 + 44.2 + 66.8 ~.52E-5 00.03 
-350 + 2~.0 
- 23.8 2.31E-5 00.01 
~00 + 26. 1 - 33. 1 2. 10E-5 00.01 
450 + 16.3 + 49.5 5.59E-~ 00.03 
.. -· 
• 
SITE: PC16 SPECtt: PC76- B 
20 + 57.4 + 24.4 9.36E-~ 01.00 
100 + ~~.9 2.~ 7.76E-~ 00.82 
200 + 62.9 - 25.3 7.9~E-~ 00.84 
300 + 67.6 - 41.0 ~.87E-~ ee. 62 
350 + 68.3 40.2 5.28E-5 .00. 56 
400 + 67.3 - 33.3 2.06E-5 00.22 
450 + ~2.0 - 19.6 1. 56£-5 00. 16 
~00 + 48.7 + 10.7 8.40E-6 j 00.08 
.. ~60 + 24.8 3.0 7. ?lE-e· 00.0e 
·~ 590 + 81.4 + 40.4 ~.49E-6 00.0~ 
SITE: PC16 SPEC•• PC7. 
20 . ··'~~:·: 01.00 + 83.8 + 72. 5 _ · . 1 E -4 
300 + 60.3 + 63.3 ·.04E-5 00. 13 
3~0 + 59.0 + " 44.~ 1. 72E-!5 00.07 
400 + 68.0 + 4!5.0 1. 32E-!5 00.0~ 
4sa +337.9 + 10.9 3.08E-5 00. 13 
'• 
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DETAILED SPECIMEN DIRECTIONS 
I 
SITE 1 PC17 SPECtt: PC81-2 
TEMP DEC INC J(A/M) " J,l Jt·4 
20 +3~8.7 + 7~. 3 3. 06E-3 01.00 
100 +337.6 + 72.9 2.et2E-3 00.66 
200 +337.9 + 69.5 7. 49E-4 00.24 
300 +341.1 + 54.3 2 ·. f0E-4 00.06 
350 +351. 9 + 30.6 1. 12E-4 09.03 ·, 
400 +340.7 - 51.7 1. 18E-4 00.03 
450 +3~8.8 - 35.9 6.et4E-5 130. 01 
.500 +256.3 .8 2. 82E-;5 ee. 0e· 
.. 
SITE I PC17 SPECI: PC82-1 
20 + 47.6 t 81.8 2.69E-3 01.00 
300 + 10.~ .+ 14.8 1. 28E-4 1)0. 04 
350 + 10.2 - 22.7 1. 37E-4 00 .. 05 
400 + 11.5 - 43.6 8. 55E-5 00.03 
450 + 19.0 - 39.4 4.88E-5 00.e1 
SITE a PC17 SPECI: PC83-2 
20 +349."4 + 68.9 2. 11E-3 01.00 
300 +351. 4 +. 24. 3 8. 92E-5 00.134 
350 ' +352. 2 
- 31. e 8.85E-5 "' 0e.04 
400 + 3.9 - 52.8 7.82E-5 ea.e3 
450 +359.7 - 48.5 3.39E-5 00.01 
SITE 1 PC17 SPECtt: PC84:..2 
20 +339.4 + 78.2 2.07E-3 01. ee 
300 + 23.5 + 48.8 6.40E-5 00.03 
350 + 22.3 - 24.8 5.98E-5 00.02 
400 + 19.0 - 51.2 7. 13E-5 ( 00.03 . 450 + 17~7 - 41.7 3.96E-5 00.01 
. 
. _/ ~ I 
SITE1 PC17 SPE9't: PCS5-2 ~ 
20 + 20.5 f.. 77.5 2.46E-3 01.00 
/ 300 + 16.7 I+ 19.5 1. 12E-4 a0.e4 
' 350 + 14.8 1 - 22.2 1. 02E-4 00.04 
_ _ / '400 
+ 13.5 ~-I 9. 71E-5 00.03 --'-----. "'50 + 25.5 6-J . 3.28E-5 00.01 
. I 
I 
I 
"' / 
·~ 
.-
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DETAILED SPECIMEN DIRECTIONS 
SITE: ~C18 sp£ctt: PC9.0-1 
TEMP DEC INC J(A,"M) J / JN 
20 +336.9 + 84.5 2, 14E-3 01.00 
300 + 47.8 + 73.1 1. 43E-4 e0. ~6 
3~0 + 66.0 + 74.3 8.61E-5 . 00.04 
400 + ~2.9 + 41.0 4.31E-5 00.02 
4~0 + ~4.3 + 40.2 4.11E-5 00.01 
SITE: PC2~ SPECtt: PC121-B 
20 +107.5 + 75.2 4.02E-3 01.0121 
300 +1~9.9 + 47.1 ~.01E-4 00.12 
3~0 +160.~ + 33.6 3.79E-4 00.09 
400 +167.2 + 11.2 2.23E-4 00.05 
4~0 +170.4 + 12.7 1.60E-4 00.03 
'500 +207.4 + :39.~ 3~64E-5 ee.oe 
< ' 
SITE: PC2~ ~:PEC"I: PC122-A 
20 +119.2 + 80.2 3.68E-3 131. ~30 
300 +1~3.'5 + 21.0 3.53E-4 00.09 
3'50 +149.3 + 7.0 2.63E-4 00.07 
400 +153.1 + 
~' 
5.9 2.07E-4 ee.05 
4~0 +1~2.6 + 5.5 1. 37E-4 00.03 
~00 +168.9 + 33.0 2.90E-5 00.00 
J 
SITE: PC2~ SPECtt: PC 123-2 
20 + 32. 0 + 84.2 2.19E-3 01.00 
300 . +139. 5 + 72.2 2 •. 08E-4 e0.e9 
3~0 +134.4 + 69.0 1. 5'5E-4 ~0.07 
400 +128.5 + 65.6 7.29E-5 00.03 
4~0 +14e... 5 + 61.4 ~.15E-5 80.02 
~00 + 87.9 + 80.2 2.87E-~ 00.01 
SITE: PC25 SPECtt: PC 124-2 
, 
., 
20 +343.2 + 72.6 2.13E-3 01.00 
300 +120.6 + 79.3 2.39E-4 00.11 
3~0 -4:'123.7 + 79.7 1·. 94E-4 00.09 
400 +1€17.1 + 79.3 .9. 20E-'5 00.04 
450 +118.6 + 67.4 7.7$E-~ 00.03 
~00 +259.'5 + ~1. 3 2.25E-5 00.01 
i .. 
'\• 
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OETA I LED SPEC I MEN 0 IRECT IONS 
SITE: PC26 SF'ECtt: PC129-B 
.. 
' TEMP DEC INC J ( A/ M) J . 'JN 
20 + 50. 1 + 76.3 2.19E-3 01.00 
:~00 + 1139. 4 + 72.2 3.'57E-4 eo. 16 
j~e +114. 9 + 66.0 2.77E-4 00 . 12 
400 +11'5.0 + 64.2 1.1'5E-4 130.0'5 ~· 
4'50 +133.0 + 60.0 Hr. OE-~ 00.04 
see + 7'5.9 + 54.0 3.!37E-~ 00.01 
SITEs PC26 SPECtt: PC130-A 
_,.. 
2e +341. 2 . + 7'2. 0 2.27E-3 01.00 
300 +131.9 ... 74.7 2.97E-4 00. 13 '\ 
:3'50 +~30.3 + 70.3 2.18E-4\ 00.09 
4e0 +131.~ + 69.7 8.37E-~ 00.03 
4'50 +141. 7 · + '5'5.'5 8.70E-'5 el3.e3 
• '500 +249.~ + 18.8 3.02E-~ 00.01 
'\ 
._/ 
SITE: PC27 SPECtt: PC131-B 
2e +35'5.7 + 7.'9.2 '5.9:3E-4 01. ee 
1130 +346.6 + 79.3 4.89E-4 00.82 
200 +3'54.2 + 78.3 3.12E~ ·00. '52 1\ 300 + 6.6 + 7'~.2 r~2E-4 ___ 130.2'5 ( 
350 + 17.0 + 68.6 96E-'5 00.06 ~ 400 + 21.7 + 66.2 '50E-'5 00.0'5 
4'50 + 30.6 + 76.6 2.e2E-~ e0.e3 
see + 7.0 +'58.1 1 .• 65Er~ 00.e2 
SITEz PC27 SPECtt: PC1 :::3-A '• 
20 + '59.S + 82'. 0 2.24~-4 01.00 
300 + 94.0 + 64.0 3.14E-~ 00. 13 
.. 
) 
:3'50 +110.7 + 73.7 _, 1.82E-'5 1313.08 r 
4e0 + 63'. 9 + 53.6 1. 0'5E-~ 00.04 
4'5e +163.9 + 71.9 1. e8E.;;. '5 e0. 134 
SITE: PC27 SPECtt: PC13'5-A 
20 + 24.0 + 80.9 4.61E-4 01. ee 
3ee + '56.7 + 46.2 6.1'5E-'5 00.13 
3 '50 + 6'5.9 + 43.7 4.91E-'5 00.10 
40e • . 81. 1 + 3 1.9 2.2eE- '5 0e.e4 
4'50 + '54.'5 + 31.2 1.51E- '5 ee.eJ 
'( 
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DETAILED SPECIMEN DIRECTIONS 
'" S.tTE I PC2S SPECia PC137-1 
TEMP DEC IHC J(A/M) J/JN 
20 +302.4 + 76.8 7.!5:5E-4 01.130 
100 +314.:5 + 77.7 ~.19E-4 00.68 
200 +309.~ + 78.6 2.93E-4 00. 38\ 
300 +32:5.4 + 83.~ 1. 37E-4 00.18 L 
3:50 . +313.4 + 79.6 7.82E-:5 ee. 113 
400 + 76.~ + ~9.·2 1. 94E-~ 00.02 
4~0 + 8:5.1 + 72.0 1. 60E-:5 00.02 
500 + 63.2 + 46.8 1. 83E-5 00.02 
~30 +271.9 + 47. 4 ' ~.72E-6 0e.0e 
ITEr PC28 SPECI: PC138-1 
+331. "1 + 73.9 6.93E-4 01.00 
+ 48.8 + 63. 1 7.21E-5 00. 10 
+ 30.2 + ?~. 1 ~.~2E-~ 130. 137 
- . + 47.6 + 32.4 9.:54E-6 00.01 
+ 84.9 + 36.4 1. 36E-5 00.131 
SITE: PC28 SPECI: PC139-1 
20 +31:5.3 + 73.9 6.48E-4 131. ee 
300 +3:52.6 + 68.3 1. 24E-4 013. 19 
350 + .3 + 61.6 1.07E-4 130. 16 
400 + 2:5.4 + 39.2 2.16E-5 00.03 
4:50 + 15 • . 4 + 44.2 2.39E-:5 00.83 
SITE 1 PC28 SPECJt: PC140-B 
~ 20 +121.0 + ~3.0 1. 25E-3 01.00 
300 +118. 1 + 38.2 3.05E-4 00124 
350 +117. a + 38.6 1. 66E-4 1313. 13 
400 +198.0- + .78.7 . 2. 16E-:5 00.01 
4:50 +202.2 + 64.6 1. 09E-:5 130. e0 
.. 
/ SITE a PC~9 SPECia PC142-1 l 
20 + 9:5.:5 + ~.7 1. 07E-3 et. e0 
·300 + 44.,. + 65.6 9.11E-5 00.08 
3:50 + 64. + 66.1 7.63E-:5 00. 13( 
400 + 6:5.4 + 62.7 2.39E-:5 0~02 
450 + 9.6 + 69.4 2.14E-:5 ee e1 
. ~00 + 76.1 19.7 1. 13E-5 00.01 
.. 
, 
\ 
J 
• 
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APPENDIX E 
SAMPLING LOCALITY AND DIRECTIONS OF MAGNETIZATION - l 
LONG POINT GROUP 
E.l Sampling locality 
Lourdes Limestone: 490 4l.l'N, 58° 53.5'W (Sites ~Dl-4) 
An outcrop at ·Black Duck Brook, on'the southeastern 
shore of the Long Point Peninsula, was sampled. The strata 
are exposed in seacliffs. The total stratigraphic 
• 
thickness covered by the above 4 sites was 9 meters. 
Tilt correct1on: 
Sites Strike, -nip 
BDl 2200, 40°NW 
802 225°, 380NW 
803 - 2230, 43°NW 
804 224°, 38°NW 
E.2 Detailed directions of magnetization 
Following are the directions of magnetization after 
each step of thermal demagnetization for those specimens 
listed in Table 7.1 from which a characteristic direction 
was computed. The listing scheme is . the same as described 
under Appendix B.2. Where applicable in the tables below, 
"3600C" should· be read "37Q0C". 
317 . 
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APPENDIX E 
DETAILED SPECIMEN DIRECTIONS 
SITEr 801 SPECtr 801-B 
TEMP DEC I~C ~ J(A/M) J/JN 
20 + 90.6 ( + 8a. 2 2.39E-4 a1.e0 
300 +343.2 +1 24. 7 '" 1. 24E-4 a0.~1 
3~0 +2~7.8 + 34.~ 2.27E-~ 00.09 
400 + 6.6 - 18.8 3.37E-~ 00.14 
4~0 + 7.~ 
- 21.4 7. 1~E-~ aa.29 
' ~00 +334.9 - 42.7 6.88E-~ a0.28 
----
SITE: 801 SPECtr BOl-O 
20 + 56.5 + 7~.1 2.07E-4 a1. 00 
300 +:3'50.7 + 36.1 ~;0:3E-'5 aa.24 
330 + 36..~ + 62.0 6.30E-5 aa.30 
3'50 + 73.7 + 67.9 4.~~E-~ aa.21 
360 + 92.3 + ~9.9 4.42E-'5 a0.21 
400 +134.3 + 69.9 3.9'5E-~ ea. 19 
4~ + 71.2 - ~8. 1 1. ~7E-'5 aa.07 
SITE: 802 SPECitr 806-0 
20 + 28.4 + 84.3 1. 61E-4 ~1.00 
300 + 22.4 + 34.0 6.27E-5 13a. 3~ 
330 + 2~.5 + 31.8 7.12E-'5 aa.44 
3~0 + 18.3 + 2~. ·1 6.28E-'5 00.38 
360 + 24.7 + 2a.4 '5.49E-~ aa.34 
400 + 21.8 + ~.9 -3. 29E-'5 00.2a 
4~0 + 6.9 + 32.4 4.6~E-'5 a0.28 
SITE: 804 SPEC I: 8013-A 
20 + 2.9 + ~2.2 1. 47E-4 a1.00 
3'30 +338.0 . + 2~. a 6.78E-5 ea. 46 
330 +341. 7 + 2~.7 6.83E-~ a0.46 
3~0 +339.2 + 18.4 6.29E-'5 ea.42 
360 +339.5 + 26.~ 6.82E-'5 00.46 
:~ +340.'5 + 31.6 6.90E-~ 00.46 +321. 0 + 10.~ 4. 8-7E-'5 00.33 
~00 + .0 
-\28. ~ 2. 18E-4 01.48 
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DETAILED SPECif1E~l D-IRECT I OHS 
SITE: 804 :;PECic 8013-0 
TEMP DEC INC J<AI"f1) J/JN 
20 + 8.3 + 63. 1 2.21E-4 01.130 
300 +348.4 + ~2.3 9.~1E-S 00.42 
3~0 +347.3 + 47.4 6.90E-S 00.31 
400 +338.~ + 49.6 4.21E-"5 00. 19 
450 +3~0.2 + 27.7 1. 21E-4 00.~4 
~00 "'+3~9.2 + 31.3 1. 98E-4 00.89 
SITEr 8D4 SPECI: 8014-A 
20 +338.7 + 76.2 2.18E-4 01.00 
100 +33~.2 + 64.2 1. 54E-4 .zte.?e 
200 +334.2 + 33.8 1. 05E-4 00.48 
- 300 +330.3 + ~0.9 9.45E-S 00.43 
3~0 +1:46.8 +) 32.~ 9.04E-S 00.41 
400 +333. 90 + 3~.8 7.04E-~ ee. 32 
4~0 +34~.4 - 13.9 1. llE-4 0e.se 
~00 +3'50.2 - 13.3 1. 35E-4 00.61 
) 
c -7ITE: 8(14 SPECI: 8015-1 20 +333.6 + 90.7 2. 1.3E-4 131. 130 300 +327.4 + 23.6 . 8. 18E-~ 00.38 
3~0 +331. ~ + 2~.9 1. 04E-4 08.48 
400 +322.~ + 22.4 9.88E-5 00.46 
450 +35~.2 + 23.5 9.27E-S 00.43 
~0e + 14.7 + 26.7 ·1. 221;_-4 00.57 
SITE: 804 SPECie 801~-3 
20 + .3 + 7~.8 2.~1E-4 01.00 
300 +339.2 + 9.7 8.49E-~ 00 • . 33 
330 +34~.3 + 14.8 1. 08E-4 0e.42 
3~0 +331. ~ + 10.0 8.92E-~ f3e . 3~ 
360 +333.3 + 12.6 8.11E-~ 00.32 
400 +313.0 • 1 6. 913E-~ 00.27 
450 +328.0 + 25.6 9.32E-5 00.37 
~00 +344.0 - 40.9 1. 22E-4 (113. 48 
\ . 
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DETAILED SPECIMEN DIRECTIONS 
SITE: 804 ~.PECtt: BD17-B 
TEMP DEC H~C J(At'M) Jt'JH 
20 + 10.9 + 77. 1 4. 99E-~ 01. ee 
300 +341. 6 + ~e.~ 1. 64E-~ 00.32 
3~0 +346.3 + 24.6 1.19E-~ 00.23 
400 +26~. 1 + 49.~ 3.~9E-6 00.07 
4~0 + 2~.7 + 18.~ 9.9'5E-6 08.19 
~00 + 36.0 + 18.9 3.3~E-~ 88.67 
· S-ITE: 804 SPECtt: 8D17-C 
20 + 15.6 + 65.~ ~.13E-~ 01.00 
300 + 3.2 + 38. 2. 71E-~ 00.~2 • 
330 + • 1 + 29 2.~4E-~ 00.49 
350 +3~2.~ + 34 3 1. 88E-~ . 00.36 . 
3€0 . +3~8. 6 + 29. 1. 78E-~ ' 00.33 
400 + 4.9 + 18. 1.!'58E-~ 00.30 
450 +354.7 1. 92E-~ 00.37 
f 
APPENDIX F 
STRUCTURAL CORRECTIONS AND DIRECTIONS OF MAGNETIZATION -
COW HEAD GROUP 
F.l Sampling locality 
Cow Head Peninsula: 490 SO.l'N, 570 52.l'W 
F.2 Correction for plunging folds 
In plunging folds, the axis of movement is the fold 
axis, which is not parallel to the strike of the beds on 
the limbs. To restore the beds to paleohorizontal, two 
components of rotation are required!· . -
(1) The fold axis is rotated into a horizontal 
position through the angle of plunge. In this position the 
two limbs have the same strike, which is parallel to the 
fold a~is. This process will change the apparent dip of 
each limb to a new dip value. 
(2) The inclined planes of each limb are then restored 
to horizontality by rotating about the strike through the 
(new) dip values, as in the case of the non-plunging fold. 
For the above two-step correction to the magnetization 
vectors the following steps were undertaken to determine 
the angle of plunge (items a-d, below) and then the bedding 
correction (items e-g). 
(a) All the strike and dip measurements on the 
bedding were plotted as great circles and as poles on a 
Wulff's net (Figure 8.2a, poles are not shown) .. 
) 
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(b) All the poles were averaged separately for the 
two limbs, using Fisher's statistics. 
(c) The strike and dip of each limb was determined, 
corresponding to the mean pole claculated in (b). This 
gives the in situ orientation of the limbs which was found 
to be as follows: 
Strike, Dip 
Eastern Limb 
Western Limb 58°SE 
(d) Two great circles representing the strikes ana 
dips of (c) were plotted on another stereogram (Figure 
8.2b). From the point of intersection of the two. great 
circles, the plunge angle= 30.5o, and the trend (fold 
axis) = S208W, were determined. Strictly speaking, this 
intersection should be the midpoint of the area•of maximu~ 
density of the great circle intersections in Figure A.2a. 
__... ., 
The intersection points - in Figure 8.2a were subjected to 
Fisher's statis~~os and it was found that theit mean 
position almost coincided ~ith the intersection of the two 
great circles of Figure 8.2b. 
(e) ·Next, the bedding was corrected for the plunge. 
Th~ mean bedding pole for each limb was reoriented by 
rotating it thro~gh 30.50 along the fold axis (now 
S208W). The in situ magnetiza.tion vectors (Table 8.1) were 
now corrected for the plunge, using a horizontal axis 
' striking llBo, and a dip of 30.5°SW. 
(f) From the reoriented bedding poles in (e), the new 
323 
strike and dip angles of the two limbs were determined, 
corresponding to their non-plunging orientation (Fig. 
8.2b). These are listed below: 
Strike, Dip 
Eastern Liml:2_ 208°, 12. 5°NW 
Western Limb 
(g) The plunge:-corrected magnetization vectors in (e) 
were further cor~ec~ed for the presumed horizontal position 
of the folded strata, by using the strikes and dips in (f) . 
. The characteristic directions after st\uctural 
correction given in Table 8.1 are the final values o~tained 
after the two-step correction described in (e) and (g), 
above. 
Y.3 Detailed directions of magnetization 
Directions after each thermal demagneti~ation ·step are 
listed below for those specimens for which characteristic 
directions are quoted in Tables 8.1 and 8.4. The listing 
scheme is the same as described under Appendix 8.2. Sites 
"BB 14 EastM and "BB 14 WestM correspond to "Bed No. 14 
East• and "Bed No. 14 West" of Table 8.4. All directions 
are before structural correction. 
,f · . 
J ·-:: 
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.APPENDIX F 
DETAILED SPECIMEN DIRECTIONS 
SITE a CH4 SPECia CH18-B 
TEMP DEC INC J(A/M) J ./JN 
20 +U!J8.9 + 82.7 3. 84E-4 01.1Zt0 
300 +118.3 + 47.6 1. 20E-4 ea. :31 
• 350 +12L4 + 46.0 9.21E-~ 00.23 
400 +117. 5 ·- ~2.2 ~.83E-5 00. 1~ 
450 •178.0 + 62.~ 3. 26E-5 e0.ee 
~00 +260. 9 + 38.8 3.~8E-4 00.9:3 
SITE 1 . CH~ SF'ECia CH19-A 
20 + 49. 1 + 82.0 1. 30E-3 01. e0 
100 + 66. ~ + 82.2 9. 39E-4 ee. 72 
200 +f16.6 + 7~. l 5.4!5E-4 ea. 41 
'300 +128. 8 + 62.2 3.68E-4 00.28 
3~0 +131. 1 + 55.0 2.83E-4 90.21 
400 +132. 2 . . , + ~4.9 1.98E-4 00.15 
4~0 +134. t + ~7.3 1.31E-4 ea. 10 
500 +300. 7 - 52.6 2.84E-5 00.02 
~30 +244.6 
-
17. 1 4.05E-5 ae.e3 
~60 +29€~ 3 - 8~.7 5.49E-S 00.04 
SITE r CH5 SPECis CH20-1 
20 +202. 7 + 77.8 1. 7'2E-3 01.00 
100 +207.9 + 71.5 1.47E-3 00.85 
200 +207. ~ . + 63.~ 1. 16E-3 ee.67 
300 +206. 8 + ~7.7 9.91E-4 00.~7 
350 +206. 3 + ~~.3 8.57E-4 00.49 
400 +209.2 + ~2.6 6.26£-4 00.36 
450 +209. 7' + ~3.2 4. 14E-4 90,23· 
500 +159. 2 J' + 15.4 L 11E-5 e0.e0 
530 +132. 8 + 24.4 5.39E-5 e0.0J 
..II 
~60 +138. 6 - 89.6 4.6~E-5 00.02 
SITE 1 c~ SF'ECI: CH21-A 
20 + 4.7. 1 ... 73.3 1.15E-3 01.ee 
300 + 82.9 + 44.4 3.64E-4 00.31 
3~0 + 83.1 + 42.3 3. 19E-4 00.27 
400 + 84~ 4 + 53.5 1. 49E-4 00.12 
4~0 + 80.4 + ~2.0 9.81E-~ 60.138 
500 +217.1 
- 60.8 ~.59E-~ 00.04 
~f; 
/· 
A~PENOIX F 
DETAILED SPECI1'1EN DIRECTIONS 
SITE: CH5 SPECtt: CH22-A 
TEMP DEC INC J(A.-'M) Ji''JH 
20 +102. 7 . + 76.7 2. 01E-3 ~.00 
30e +123. 3 + 52.8 ~. 58E-4 00.42 
35e +122. 6 + ~1. 1 7.62E-4 00.37 
40e +122.3 + ~1.2 6.40E-4 00 • . 31 
45e .+125. 9 + 55.5 2.54E-4 00. 12 
see + 75.4 + 30.6 4. aeE-5 00. ~32 
SITE: CH5 SPECtt: CH23-e · 
2e +116. 6 + 74.2 9.913E-4 01. ee 
300 +133. 1 + 37.7 3. 89E-4 00.39 
35e +131.7 + 36.3 3.05E-4 1)0. 3e 
400 +135.4 + 40.0 2. 1eE-4 ee. 21 
45e +121.8 + 23.7 9. 39E-5 00~09 
500 +200. 6 
-
19.5 6.65E-5 00.0€ 
SITE: CH6 :;PECtt: c .24-8 
20 +104. 3 + 77.1 5. 93E-4 01. ee 
100 +i03.0 + 76.0 4. 87E..:..4 ea. a2 
200 +109. 2 + 72.9 3. 37E-4 00.56 
3e0 +119. 6 + 73.7 ,.. 24E-4 00.37 
3~0 +119.8 + 78.1 .46E-4 00.24 
400 +112. 3 + 81.6 9.04E-5 00. 15 
45e +120.8 + 80.8 4. 97E-5 00.08 
'· 
see +165.2 + 71.5 3. 36E-5 00. •35 
530 +355. 8 + 50.5 2. ~51E-'5 00. e4 
560 +353. 8 . + 1.8 7. 71E-5 00. 13 
SITE: CH6 SPECtt: CH25-B 
2e +323.9 + 86.9 9.29E-4 01.00 
1e0 +358.3 + 79.1 6. 16E-4 90.66 
2e0 +357. 0 + 82.7 3.43E-4 e0. 37 
300 +237.7 + 88.4 1. 94E-4 00.20 
35e +204. 9 + ea. 1 1. 53E-4 00.16 
.. 
40e +203. l + 86. 1 1. 12E-4 00. 12 
/ 45e 2.3 + 57.2 2. 90E-5 00.03 + 
see + 14.3 + 2.4 3. 73E-5 00.04 • 
53e +123.6 - 72.5 6. 32E-5 00.06 
560 +319. 7 + 10.3 5. 62E-'5 00.06 
• .. 59e + 96.0 + :39.8 2. r59E-5 00.02 
' 
6 2e +119.3 - 23.0 9. 25E-5 00.09 
' 
-~ 
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DETAILED SPECir1EN DIRECTIONS 
SITE 1 CH6 SPECtts CH26-B 
TEMP · DEC INC J <A/M) .J/ JN 
20 +332.9 + 79.8 1. 3f1E-3 01. 0e 
300 +338.1 + 89.7 2.9SE-4 130.22 
3~0 +137.~ + 88.2 2. 18E-4 00.16 
400 +276. 1 + 87.~ 1. 17E-4 00.08 
4~0 +331. 8 + 72.~ 7.09E-~ '00.0~ 
~ - ~00 + 10.0 .6 3.05E-~ 00.02 
~ 
SITE 1 CH6 . SPEC•: CH27-8 
20 .0t2. 6 + 87.~ 9.02E-4 01.00 
300 +173. € . ... 6~. 1 2.85E-4 00.31 
3~0 +169. 3 + 64.7 2.21E-4 00.24 
~00 +174. 1 + 70.~ 1. 20E-4 00.13 
4~0 +302.4 + 74.4 A. 74E-~ e0.e~ 
~00 +241. 3 + 76.8 6.69E-!i :> 00.07 
SITE: CH6 · SPEC•: CH28-1 
\ 
20 +329.9 + 83.8 4.40E-4 01.00 
300 +28~.2 + 79. 1 1. 69E-4 130. 38 
3~0 +288.1 + 7~.6 1. 30E-4 00.29 
400 +284. 7 + 72.4 9. 46E-!5 00.21 
4!50 +296.~ •• 63.3 4.96E-!i 00. 11 
~00 +297.8 + 62.6 3.30E-~ 00.07 
SITE: CH7 SPEC~: CH29-.1 
20 + 34.6 + 74.3 7.35E-4 01.00 
100 + 29.0 + 71.6 ~.62E-4 00.76 
200 + 28.7 + 73.7 3.89E-4 130. !52 
300 + 27.7 + 79.3 2.00E-4 00.27 
3~0 + 23.8 + 75.8 1. !52E-4 00.20 
400 + 17.0 + 76.0 1. 19E-4 00. 16 
4~0 .+346.3 + 82.4 6. 43E-~ 00.08 
~00 + 18. !5 + 7~.3 3. ~6E-~ 00.04 
~30 +16~.1 
-
14.0 3. 26E-!5 00.04 
560 +107.8 + 88.9 1. 7€E-4 . 00.23 
~90 +333.~ 
-
15.7 1. 80E-4 09.24 
620 + 37.6 + 68.2 1. 88E-4 00.2~ 
' 
~ 
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' DETAILED SPECIMEN DIRECTIONS 
SITE: CH7. SF'ECI: CH30-1 
TEMP DEC INC J ( A/1"1> J / JN 
20 +3~.1. 7 + 76.5 9.97E-4 01.00 
100 +340.2 + 71.5 9.27E-4 1)13. :32 
200 +324.3 + 70.6 6.46E-4 00.64 
300 +316.9 + 68.5 4.77E-4 130. 47 
3~0 +31~.~ + 66.~ 4.3SE-4 00.43 
400 +314.~ + 66.0 4.e~E-4 00.40 ~ 4~0 - +314.9 + 66.S 1. 76E-4 00. 17 
see +316.S + 77. 1 8.34E-S 00.08 
~30 +296.0 - -S0.3 8.62E-S 00.08 , 
S60 +313.7 - 29.6 4.62E-S 00.04 
~90 +301.6 - 5.0 1. 46E-4 00. 14 
620 '+310. 2 + 32.4 4.6SE- 5 ea. 04 
SITE: GH7 SPECI: CH31-B 
20 +342.6 + 68.2 1. 03E-3 . 01. oe 
3ee +30S..3 + 68. 1 ~.06E-4 00.49 
350 +312.6 + 67.7 4.!57E~4 00.44 
4ee +316.9 + 66.4 3.7SE-4 00.36 
4~0 +321. ~ + 64.0 1. 67E-4 ee. 16 
see +279.6 + 63.7 6 : 31E-!5 00.06 
530 +:339. 1 + 44.2 4.08E- !5 ee. 03 
~€.0 +241. 1 - 56.8 3.~eE-s 00.03 
SITE: CH7 SPEC I: CH32-1 
2e +34e.3 + 73.6 9.69E-4 01.00 
300 +319.3 + 93.8 - 3.91E- 4 ee • .39 
3~e +313.0 + 83.~ 2.97E-4 00.3e 
400 +309.4 + 93.0 2.31E-4 00.23 
4!50 +327.6 + 79.6 1. 12E-4 00. 11 
~00 +337.7 + 78.7 6.69E-5 ee. 06 
SITE: CH7 SPECI: CH33-A 
20 +.312.0 + 72~ 1 1. 17E-3 01.00 
3e0 +279.6 + 69 . 7 ~.27E-4 00 . 44 
~~e +277.~ .,. 68.3 4. 18E-4 ee. 3 5 
4ee +272.4 + 65.S 3.4!5E-4 00. 29 
4~0 +278.0 + 69.5 1. 63E-4 ee. 13 
see +292. 1 + 70.3 7.32E-5 0e.e6 
·~ 
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DETAILED DIRECTIONS 
SITE a CH12 
TEMP DEC ~~ JO:A/ M> J / JN 20 + 82.0 + 2.90E-4 01.00 
100 + 92.7 + 7~.~ 2.4'5E-4 1)0. 84 
200 + 96.9 + 7~.1 1. 97E-4 00.67 
300 + 89.4 + 76.0 8.40E-~ 00.28 
· .3~0 + 88.6 + 71.1 6.2fE-~ 00.21 
400 + 65.6 + 70.9 2.6SE-~ 130.09 
450 + 79.2 + 68.3 1. 96E-5 00.06 
590 +337. 7 + 54.0 1. 46E-~ 00.05 
530 +333.1 + 58.8 7.6~E-~ 00.26 
560 + 9. 1 + 84.4 7.03E-5 00.24 
590 + 37 .,9 40.4 1. 78E-4 00.61 
620 +304.6 
- 68.9 7.15E-5 '30.24 
SITE 1 CH12 SP~Ctt 1 CH55-A 
20 + 56.4 + 67.3 2.07E-4 01.00 fee + 70.9 + 67.3 1. 53E-4 00.74 
200 + 73.9 + 68.4 -1.01E-4 130.48 
300 + 74.3 + 57.4 5.20E-5 00.25 
350 + 77.4 + 49.9 4. 13E-5 00.19 
. 400 + 83.2 + 37.4 2.81E-5 00. 13 
450 + 70.0 + 33.8 3.73E-5 00.19 
500 +155.1 + 40.0 2.90E-~ 0€1.14 
530 +286. ~. 
-· 6.3 6.78E-~ 00.32 560 +328. 1 + 80.0 1. 52E-5 00.07 
590 +248.4 - 55.1 7.17E-5 00.34 
620 + 86.6 - 32.1 3.26E-5 00.15 
SITE 1 CH12 SPECI: CH59-B 
20 + 2.7 + 71.5 2.00E-4 01.00 
300 + • 1 + 72.8 8.90E-5 00.44 
350 +359. 1 + 69.0 5.09E-5 00.25 
400 + 1.3 + 58. 1 3.06E-5 00.15 
.50 + 18.3 + 49.6 3.25E-5 00.16 
500 •.  + 63.0 + 26.6 6. 14E-5 00.30 
330 
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DETAILED SPECif'1EH DIRECTIONS 
s..ItE: 8814 EAST SPEC I r- C 1-fl. 
TEMP DEC INC J<AI'M) JI'JN 
20 + 50.8 + 83.2 7.0.2E-5 01.00 
100 + '46. 6 + 75.5 6.36E-5 00.90 
2e0 + 49.2 + 76.1 4.64E-5 ee.66 
30e + 63. 1 + 66.5 2.96E-5 ee.42 
3S0 + 48.3 + 46.9 1. '56E-5 ee. 22 ' 
4e0 + 36.3 + 
; 
48.2 1. 40E-5 00. 19 
4Se + 37.9 + ,49. 0 9.66E-6 ee.13 
see + 48. 1 + 55.7 6.70E-6 00.e9 
'530 +344. 7 + 60.4 3.60E-6 00.05 
S60 +339.5 S.9 3. e~:E-6 00.04 
'590 +216.7 + 3e.5 2.23E-6 e0.03 
SITE: 8814 EAST SPECI: C3-B ), 
20 + 18.7 + 72.0 1. 84E-4 01.00 
100 + .4 + 76.8 1. 24E.-4 00.67 
2e0 +3'57.3 + 76.2 8.94E-5 ·e0. 48 
300 + 3.7 + 73.8 . S.61E-S e0.30 
35e +331. e + 73.8 2.98E-S 00.16 
400 +346.4 + 73.2 2.28E-'5 00.12 
4'50 +338. 2 ' + '51.1 1.29E-'5 13e. 07 
see +311.9 + 3.8 9.80E-6 00.05 
S3e +3'52.4 + 6.3 1. 70E-;5 ee.09 
56e + 7.3 - 16.4 1. 10E-5 e0.05 
590 +334.4 2.6 2.96E-5 e0. 1 '5 
SITE: 8814 EAST SPECI: C4-A 
20 + 48.'5 + 63.7 7.21E-4 01. e0 
100 + 43.5 + 60.8 ~. '50£--4 00.76 
2ee + 49.e + '56. 7 4. 19E-4 00.'58 
30e + '51. 8 + '54. 1 2.72E-4 e0.~7 
350 + 48.8 + 60.2 1. 09E""4 !3e. 1 '5 
40e + 3'5.e + 67.6 8.21E:-5 ee. 11 
45e + 58.2 + '54.3 2.87E- '5 ee.03 
se0 +270.8 + 64.6 1. 33E-s 00.01 
'530 +2'53.1 - 24.4 9. '57E-6 00.01 
56e + 182. 1 - 83.6 2.30E-5 00.e3 
590 +316.4 
-
30.3 3.e2E-'5 0e.04 
\.. 
\ . 
... 
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APPEI-40IX F 
DETAILED SPECir1EN DIRECTIONS. L 
SITE a 8814 EAST SPECtt: C113-B 
TEMP DEC INC J<A/M) J./JN 
20 + 14!5. 4 + 81.8 2. 81E-4 e1.ee 
300 +13~.!5 + 79.9 1. 09E-4 00.38 
350 +140. 7 + 80.9 9.52E-!5 00. :33 
400 +117.2 + 77.9 5.8~E-5 00.20 
450 + 136. 1 + 78.6 3.66E-5 ee. 13 
500 + 164. 1 + 79.0 2. 85E-S. 00. 10 
530 + 79.9 + 61.9 2. 22E-!5 00.07 
~ 
SITE a 8814 EAST SPECtt: C11-A 
20 + 43.5 + 62.6 1. 18E-4 01. ee 
300 + 45.0 + 21.5 ~. 33E-!5 00.45 
350 + 40.4 + 23.7 4. 69E-5 00.39 
400 + 47.1 + 5.4 4.73E-5 00.40 
450 + 31.7 + 14.7 3. 11E-5 00.26 
500 + 35.9 + 1.6 3.67E-S 0~3. 31 
530 + 43.1 
"' 
+ 6.3 3. 48E-!5 00.29 
SITE: 8814 EAST SPECtt: C14-A 
20 + 35.0 + 54.9 1. 23E-4 01. ae 
300 + 41.9 + 58.2 3.54E-!5 00.28 
3!50 + 52.2 + 65.3 2. 52E-5 00.20 
40e + 27.2 + 49.8 1. 79E-5 00.14 
450 + 27.9 + 59.9 1. 92E-5 00.15 
500 + .9 + 15.6 2.97E-S 00.24 
530 + 19.2 + 62.9 9.52E-6 e0.e7 
SITE 1 8814 EAST SPECtt: C15 
20 + 15.4 + 70.4 2. 96E-4 01. ee 
300 + 8 . 4 + 65.8 9.89E-5 00.33 
350 + 7.9 + 66.9 7.33E-5 00.24 
400 + 23.1 + 67.3 3. 01E-5 00.10 
450 + 33.6 + 58.4 2.77E-5 00.09 
500 + 19.0 + 47.8 2.58E-S 00.08 
530 +342.3 + 44.2 
- 9. 56E-6 00.03 
.. 
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APPENDIX F 
DETAILED SPECIMEN DIRECTIONS 
SITE a BB14 EAST SPECit C16-1 
TEMP" DEC INC J(A/M) J/JN 
20 +107.0 + 77.4 6. 71E~- 01.00 
300 + 74.~ + 73.0 2.81E-~ 00.41 
350 +131.4 +' 73.0 1. 92E-~ 130.29 
400 + 72.8 + 66.9 1. 82E-~ 00.27 
450 +121.9 + 76.3 1.36E-~ 00.20 
r 500 +117. 1 + 48.6 1. 07E-~ 00.15 
530 + 64.1 + 413.9 5.34E-6 00.07 
SITE: BB14 EAST SPECI: C17-A 
20 + 19.3 + 54.5 1. 20E-4 01.00 
300 + 24.3 + 51.1 4.92E-~ 00.40 
" 350 + 20.6 + 56.4 3.95E-5 .00. 32 
400 + 20.1 + 56.2 2.94E-~ 00.24 
450" + 37.7 + 48.2 · 2.eeE-~ 00.17 
500 +333.0 - 35.9 5.46E-~ 00.45 
530 + 24.9 + 43.7 5.41E-~ 00.45 
SITE: 8814 EAST SPECI: C18-8 
20 +269.~ - 68.7 1. 75E-3 01.00 
300 +269.2 
- 69.9 1.18E-3 00.67 
350 +268.3 69.4 9.~4E-4 ee. 54 
400 ·- +266. 0 - 70.0 6.65E-4 00.38 
450 +265.0 
- 69.3 · 5.83E-4 00.33 
500 +263.9 - 68.3 2.92E-4 00.16 
530 +247.7 - 71.2 7.42E-5 00.04 
SITE a 8814 EAST SPECI1 C19- A 
20 +254.6 
""' 
68.3 1. 45E-4 01.00 
300 +212.2 - 75.9 e.~0E-5 00.58 
350 +205.8 
- 81.2 5.80E-5 00.40 
400 +147.6 - 80.2 3.39E-~ 00.23 
450 +153.3 
-
77.1 2.43E-5 00. 16 
500 + 98.2 
- 45.9 9.95E-6 00.06 
530 •• 76.8 9.4 1. 69E-~ ee. 11 
C) 
... 
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APPEHOIX F ~ 
DETAILED SPECIMH~ OIRECTIOHS 
SITE a 8814 EAST SPECtt: C213-1 
TEMP DEC INC J( A/t1) J / J~l 
2e . +348.3 - 23.6 2. 16E-4 at. ~30 
3ee +341. 2 
- 27.2 1. 13E-4 ee.~2 
. 3~e +346.3 
- 29.4 6.77E-5 130.31 
4ee +3~4.6 21.3 3.89E-S e0. 17 
.45e +3~~.e - 12.6 2:.42E-S ee. 11 
5e0 +3~8.~ - 10.7 1. 90E-S 00.08 
~3e -1 98.e + 16.2 5.91E-5 00.27 
SITE a BB14 WEST SPECtt: 81-1 
2e. +269.8 + 24.8 ~.3~E-4 01.130 
tee +267.~ + te.4 5.S2E-4 01.03 
200 +262.~ 7.3 5.33E-4 00.99 
30e +261. e - 12.2 ~.31E-4 00.99 
3Se +2~9.8 - 14.5 4.90E-4 130.91 
., 4e0 +260.7 15.4 3.94E-4 00.73 
4~0 +262.~ - 16.7 2.40E-4 1)0. 44 
~00 +264.3 
- 50.7 4.73E-S 00. eE: 
~30 +282. 1 + 29.8 2. 18E-5 00.04 
~60 +290.8 + 83.8 3.79E-5 00.07 
~90 +28~.9 + 34.8 4.73E-5 00.1.38 
SITE: BE:14 WEST SPECtta B€-2 
2e + 32.5 + 78.7 ~.68E-4 01.00 
300 + 3~. 2' + 77.9 1. 30E-4 00.22 
3~0 + ~6.0 + 79.2 9.78E-5 ee. 17 
400 + 36.5 + 84.5 4.82E-S 00.08 
45e +359.4 '+ 70.2 3.67E-5 00.06 
~0e + ~.3 + 49.8 2.24E-5 00.03 
SITE 1 8814 WEST SPECtt: 87- A 
\___ 20 +148.9 + BE:. 3 3.33E-4 01.00 
~ +221. 6 + 86.4 1. 27E-4 ee. 38 
350 +232.4 + 88.0 1. 04E-4 00.31 
40e +142.6 + 86.2 5.21E-5 1)0. 15 
4~0 +129.6 + 83.4 3.71E-5 00. 11 
~ee +149.9 + 77.9 2.44E-5 00.07 
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APPEI-lD I:..; F 
DETAILED ~;F'EC I MEl-~ DIF~ECTIONS 
SITE J 8814 J..JEST SPECtt: 88-2 
TEf'1P DEC INC J<A/M) J /JN 
\ 20 + 88.8 + 813.2 3.3~E-4 e1.·ee 
300 + 90.8 + 80.~ 1. 38E-4 00.41 
3~0 + 8~.9 + 80.8 1. 17E-4 00.34 
400 + 7~.3 + 83.1 ~.€6E-5 00. 16 
4~0 + 84.3 + 76.8 3. 97E-5 00. 11 
~00 + 41.4 + 82.8 3.~4E-5 00. 10 
SITE: 8914 WEST :;PECtt: 99-2 
\ 20 +359.9 + 75.6 5.68E-4 01.00 
~ 300 +299.2 + 82.~ 1. 4~E-4 · 1313.25 350 +282.2 + e4.e 1. 1 ~E-4 00.20 
400 +332.2 + 76.2 6.26E-5 130.11 
4513 + 29.8 + 
€2:3 5.70E-5 00. 10 
see +3~0.0 3.5 3.27E-5 00.05 
530 +336.4 + €6.9 1. 18E-4 00.20 
560 +287.2 + 11.6 1. 91E-4 130. 33 
SITE: 9814 WEST SPECtt: 810-2 
20 + 56.7 + 57.4 2 • . 313E-4 01. ee 
300 + 54.8 + 18.0 4.96E-5 00.21 
:350 + 70.1 + 6.7 5.34E-5 ee . 23 
400 + 77.3 3.5 4.47E-~ 00. 19 . 
450 + 71.5 3.1 2.18E-5 00.09 ' 
500 + 42.7 3. 8.. 2.71E-5 00. 11 
530 +349.9 + 2.6 3. 4.2E-5 00. 14 
5€0 +350.5 - 13.8 7.47E-5 00.32 
SITE: BB 14 l·JEST SPECtt: 812-A 
20 +290.8 + 79.0 3.79E-4 01.00 
300 +271. 1 + 77.6 2.21E-4 00.58 
350 +276. 3 + 74.7 1. 68E-4 00.44 
400 +269.3 + 72.9 1. 21E-4 00.31 
+ 71.5 8.5~E-5 00.22 
~00 +252.7 + 75.7 7.31E-5 ee. 19 
530 +257.7 + 80.0 5.57E-5 00. 14 
560 +229.3 + 54.7 . 1. 41E-5 ee. 133 
... 
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APPENDIX F 
DETAILED SPECIMEN DIRECTIOt-~S 
SITEt 8814 WEST SPECtt: 813-A 
TEf1P DEC INC · .J <A/t'1> J/Jt·l 
20 +297.9 + 61. 1 4.84E-4 01.130 
300 +287.0 + 60.7 1. ~8E-4 00.32 
350 +291. 2 + 69.0 9.79E-~ 130.20 
400 +299.3 + 6~.3 7.9~E-~ 00.16 
4~0 +302. 1 + 62.~ ~-8~E-~ · e0. 12 
~0t +310.0 + 68.5 3.47E-~ 00.07 , ~3 +308.3 + 12.6 2.41E-5 0e.e4 
560 +294.9 - ~5.6 2. 19E-5 00.04 
SITEt 8814 l.oJEST SPECtt: 814-2 
20 +155.2 + 62.9 4.95E-~ 00.00 
300 +149.4 · - 19.4 1. 26E-~ 130.25 
350 +147.9 2.5 1. 84E-5 ee.37 
"400 +144.8 8.5 1. 29E-5 138.26 
4~0 +175.8 1.6 1. 90E-~ 00.38 
500 +294. 9 9.4 3. 67£-6 e0. ~7 
SITE1 8814 WEST SPECtt: 815-A 
20 +297.8 + 72.2 9.22E-4 01.00 
300 +293.1 + 72.3 3.41E-4 00.36 
3~0 +271.4 + 70.6 1. 96E-4 00.21 
400 +269.9 + 72.5 1. 20E-4 00. 13 
450 +267.9 + 65.2 8.95E-5 00.89 
500 +29€.2 - · +. 78.0 6.13E-~ 00.06 
530 +299.1. + 62.1 4.66E-~ 0e.es 
560 +260.0 + 73.9 3. 18E-~ 00.03 
SITEt 8814 L.JEST SPECttr 816-1 
20 +2?3.3 - 69.4 7.08E-4 01. ee 
300 +285.9 
- 78.2 3.9~E-4 130. 55 
350 +304. 7 
- 82.7 2. 66E-4. ee. 37 
400 +331. 2 - 81. 1 1. 36E-4 00. 19.._ 
450 +320. 0 - 80.8 9.48E-~ 00.13 
500 +302.0 
- 77.4 6.76E-5 ee. ~39 
~30 +316.6 - 76.1 5.8?E-5 00.08 
560 +307.0 
- 72.3 4.45E-~ 0e. 136 
-· 
336 
APPHmiX F 
DETAILED ~.PECIMEN DIRECT J.ONS 
SITE: 8814 j..JEST SPEC•: 817-A t 
TEMP DEC INC J<A/1'1> J .. -'J~I 
20 +3~6.4 + 84.2 6.71E-4 01. (30 
300 + 11.6 + 81.8 2.65E-4 00.39 
:350 + 29.4 + 78.3 1. 92E-4 00.29 
400 + 49. 1 + 78.7 8.52£-5 00.12 
450 + 49.6 + 81.4 5.68E-5 130.08 
500 + 15 . 5 + 77.9 5.00E-5 00.07 
530 + . 5.2 + 71.5 4.29E-5 130.06 
560 +215.0 + 63.9 6.63E-~ 00.1l.'9 
SITE: 8814 HEST SPEC•: 818-A 
20 +297.7 + 80.4 5.50E-4 01.00 
:300 +300.6 + 85.1 3.132E-4 !30.'54 
350 +296. 1 + 79.4 2.07E-4 00.37 
400 +:320.6 + 81.6 1.16E-4 130.21 
450 +303.2 + 88.0 9.29E-5 00.16 
500 +258.5 + 82.5 6.89E-5 ~0. 12 
530 +270.7 + 80.3 5.16E-S 00.09 
560 +263.2 + 74.0 3.06E-5 00.0'5 
SITE: 8814 WES.T SPEC•: 820-1 
20 + 37. 1 + 63. 1 5.61E-4 01. a-a 
300 + 43~3 + 55.0 2.33E-4 00.41 
3'50 + 43.5 + 53.4 1. 1 '5E-4 00.213 
400 + 50.0 + 53.2 8.07E-5 00.14 
450 + 36.7 + 57.7 6. 19E-5 . 130. 11 
500 + 26.2 + 45.2 5.12E-5 00.09 
530 + 30.6 + '53.3 3.32E-'5 00.05 
560 + 27. 1 - 17.9 1.41E-'5 00.02 
... 
- -


